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The  TnternationBt  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  alt 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
lo  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
(heir  salient  and  uriioile  (efitures. .      ■    • 

The  only  requirement'  for  admission  to  any  of  the  courses 
offered  by  the  International  Koirespondence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
lo  write  it  sufiticiently-wtJt-to  mAkc^  bis  written  answers  to 
Ihe  cfnestions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation. 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  he  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one.  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  worfcing  knowledge  of  Ihe  subjects  treated  in 
the  shortest  lime  and  in  the  most  direct  manner  possible, 
iii 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  given  to  illustrate  and  explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 

endeavor  to  view  the  matter  from  the  student's  standpoint, 

and  to  try  and  anticipate  everything  that  would  cause  him 

trouble.     The  utmost:  pai^^*  hVjJte/ b^^*:taken  to  avoid  and 

correct  any  and  airanibrgu6us^bxpre§^idns — both  those  due 

to  faulty  rhetoric  and  thC)pe  5Jl^;tc|*k| sufficiency  of  statement 

or   explanation.     As*  tfig;*  HesCIw^y  *tp    make    a    statement, 

•  •*•  *•   *»*••    • 

explanation,  or  descldprib/iV:lc&r:is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  Ihat  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstra lions  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  tt  should  be  used. 

This  volume  gives  a  clear  explanation  of  the  principles  of 
telephony  and  the  properties  of  telephone  circuits,  including 
enough  on  the  subject  of  variable  and  alternating  currents  to 
I  etiable  one  to  understand   (he  operation  of  any  telephone 
I  device  or  system.     The  latest  types  of  receivers,  transmitters. 
(  bells,  magnelo-generators,  hook  switches,  and  complete  tele- 
'  phone  instruments  are  then  desiribeil.     The  wiring  of  build- 
ings and  the  installation  of  telephones  is  thoroughly  treated, 
while  disturbances  to  line  circuits  and  their  elimination,  the 
location  and  construction  of  Iranspositions.  and  both  small 
and  large  magneio-switchboards  ace  fully  explained,     l.on-j- 
distance  telephony  and  Professor  Pupin's  method  of  applying 
loading  coils  to  line  circuits  are  logically  discussed.    American 
telepbooe  practice  is  acknowledged  lo  be  in  advance  of  that 
in    any    country;    consequently,    a    thorough    discussion    of 
I  American    practice   and   of   the    fundamental   principles   on 
I  which   it   is   based,   such  as  is  here  contained,   makes   the 
I  treatise  by  far  the  most  complete  on  the  subject  that  has  yet 
'  been  published. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 

such  that  each  subject  or  part,  when  the  subject  is  divided 

into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 

I  to  tnake  the  index  intelligible,  it  was  necessary  to  give  each 

I  subject  or  part  a  number.     This  number  is  placed  at  the  top 

[of  each  page,  on  the  headline,  opposite  the  page  number: 

I  and  to  diiitinguish  it  from  the  page  number  it  is  preceded  by 

the  printer's  section  mark  (§).     Consequently,  a  reference 

I  such  as  8  16.  page  26,  will  be  readily  found  by  looking  along 

Itbe  inside   edges  of    the  headlines  until  §16  is    found,  and 

Itbea  through  S  16  until  page  26  is  found. 
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ACOUSTICS 


SOUND 


1.  Acoustics  is  that  branch  of  physics  which  treats  of 
the  phenomena  and  laws  of  sound  and  sound  waves. 

There  are  two  distinct  definitions  of  sound:  First,  sound 
is  the  sensation  that  is  perceived  when  the  nerves  of  hearing: 
are  properly  excited;  and,  second,  sound  is  a  physical  dis- 
turbance capable  of  producing  on  the  auditory  nerves  the 
sensation  of  hearing. 

According  to  the  first  definition,  therefore,  sound  is  the 
sensation  itself,  while  according  to  the  second,  it  is  the  stim- 
ulus or  cause  of  the  sensation.  The  word  sound  will  be  used 
in  this  treatise  according  to  both  these  definitions,  proper 
care  being  taken,  however,  to  prevent  any  likelihood  of  con- 
fusion between-  the  two.     

WAVE    MOTION 

2.  The  physical  disturbance  capable  of  exciting  the 
auditory  nerves  is  a  wave  motion  passing  from  some  vibra- 
ting body  through  some  material  medium,  which  is  usually 
air,  though  it  may  be  any  gas,  solid,  or  liquid.  It  is  well 
established  that  all  action  between  points  or  bodies  separated 
by  space  is  due  to  vibrations  of  the  medium  filling  this  space, 
no  matter  what  that  medium  may  be.  In  the  phenomena  of 
light,  heat,  or  electricity,  the  medium  is  the  ether;  while  in 
the  case  of  sound,  some  more  tangible  medium,  such  as  a 
gas,  liquid,  or  solid,  is  needed. 

Co^yrighttd  by  InUmati<mal  Textbook  Combany.    Entered  at  Stationers*  Hall,  London 
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SOUND    WAVES 

3.  Vibrating:  Diaphrafirin. — In  order  to  understand 
more  clearly  the  nature  of  the  propagation  of  sound  -waYes 
in  any  substance,  those  set  up  by  a  vibrating  diaphragm,  such 
as  shown  in  Fig.  1,  will  be  considered.     This  diaphragm  is 
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supposed  to  be  of  some  thin  elastic  substance,  such  as  sheet 
iron,  and  to  be  firmly  supported  at  its  edges.  It  is  sup- 
posed, moreover,  that  it  is  maintained  by  some  means  in  a 
constant  rapid  vibration  to  and  fro  between  the  limits  indi- 
cated by  the  curved  dotted  lines. 

As  it  moves  to  the  right,  there  is  produced  a  condensation 
of  the  atmosphere  immediately  in  front  of  it  at  C  and  a  rare- 
faction immediately  in  the  rear  of  it  at  /^,  as  shown  in  Fig.  2. 
The  condensation  at  C  is  communicated  to  the  particles  of 
air  at  the  right  of  C,  and  by  them  to  the  particles  of  air  at 
their  right,  and  so  on.  A  wave  of  condensation  therefore 
travels  to  the  right  through  the  air,  gradually  diminishing  in 
intensity  until  it  is  finally  lost.  When  it  moves  back  to  the 
left,  the  plate  causes  a  rarefaction  at  C  and  the  particles  of 
air  from  A  rush  into  it,  thus  causing  a  rarefaction  at  A,  which 
in  turn  is  filled  by  particles  in  the  space  at  its  right.  Thus, 
a  wave  of  rarefaction  follows  the  wave  of  condensation,  and 
this  in  turn  is  followed  by  another  wave  of  condensation,  and 
so  on  as  long  as  the  plate  continues  to  vibrate.  A  similar 
set  of  waves,  but  in  reverse  order — a  wave  of  condensation 
following  a  wave  of  rarefaction — is  also  sent  out  in  the  oppo- 
site direction  by  the  other  side  of  the  plate. 

4.  Movements  of  Particles  In  Wave. — Consideration 
will  show  that  while  the  wave  travels  outwards  from  the 
diaphragm,  the  particles  of  air  through  which  the  wave  is 
propagated  move  only  to  and  fro  in  a  comparatively  limited 
path.  A  similar  action  takes  place  when  a  pebble  is  dropped 
into  a  pond  of  still  water.     Waves  are  set  up  that  proceed 
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in  the  form  of  circles,  of  which  the  point  where  the  pebble 
entered  the  water  is  the  center.  The  wave  undoubtedly 
travels  over  the  surface  of  the  water;  but  by  observing  small 
chips  floating  on  the  water,  it  will  be  seen  that  they  move 
only  up  and  down  when  acted  on  by  the  wave.  So  it  is  with 
the  particles  of  a'r  or  of  -any  other  medium  through  which 


f 
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wave  motion  is  being;  transmitted.  In  the  case  of  sound 
waves,  the  to-and-fro  motion  of  the  particles  of  air  is  in  the 
direction  of  the  line  of  propatjation  of  the  wave  itself,  while 
in  the  case  of  ripples  on  the  water,  the  to-and-fro  motion  of 
the  various  particles  of  water  is  at  right  angles  to  the  line 
of  propagation  of  the  wave. 
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5.  Graphical  Representation. — A  vibrating  body, 
such  as  a  tuning:  fork,  will  send  out  waves,  in  the  air,  that 
follow  each  other  in  regular  succession.  These  waves  may 
be  represented,  graphically,  as  in  Fig.  3.  Consider  the  wave 
to  be  moving  in  the  direction  of  the  line  A  B,  then  the  dis- 
placement of  a  particle  of  air  at  any  point  in  the  wave  will  be 
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represented  by  the  length  of  the  dotted  lines  r,  dy  e,  /,  etc.; 
i.  e.,  the  particle  has  moved  that  far  from  its  normal  posi- 
tion of  rest. 

In  order  that  the  curve  may  be  readily  comprehended,  the 
amount  of  the  motion  of  the  particles,  or  their  displacement 
from  their  position  when  at  rest,  is  represented  as  being  at 
right  angles  to  the  line  A  B,  although  the  particles  are  really 
vibrating  to  and  fro  in  the  direction  of  this  line. 


THE    EAR- 

6.  If  these  waves  originate  in  or  are  communicated  to 
the  medium  in  which  the  ear  is  situated,  then  at  each  recur- 
ring condensation  the  elastic  membrane,  called  the  tympa- 
num, or  drum,  of  the  ear  will  be  pressed  inwards,  and  at 
each  recurring  rarefaction  will  be  drawn  outwards.  These 
vibrations  will  be  transmitted  by  means  of  a  chain  of  bones, 
termed  the  hammer,  anvil,  and  stirrup,  to  the  mem- 
branous wall  that  closes  an  internal  cavity,  called  the  vesti- 
bule, through  it  and  some  canal-like  passages  filled  with 
a  liquid  and  containing  ramifications  of  the  auricular  nerve, 
which  the  vibrations  finally  reach  and  excite.     This  nerve 
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ends  in  minute  rods  or  fibers,  each  of  which  seems  to  vibrate 
at  a  definite  frequency,  and  each  one  is  excited  only  by  a 
wave  having  the  same  period  of  vibration. 

The  greater  the  degree  of  condensation  and  rarefaction  of 
the  medium  in  a  given  time,  the  greater  will  be  the  motion 
of  the  drum  of  the  ear,  and,  consequently,  of  the  mechanism 
of  the  ear  that  acts  on  the  nerves.  Hence,  it  follows  that 
the  function  of  the  human  ear  is  the  mechanical  transmission 
to  the  auricular  nerve  of  each  expansion  and  contraction  that 
occurs  in  the  surrounding  medium,  while  the  function  of  the 
nerve  is  to  convey  to  the  brain  the  sensations  thus  produced. 
From  the  above,  one  can  understand  why  it  is  possible  to 
make  some  persons  who  are  deaf  on  account  of  an  unnatural 
condition  of  some  part  of  the  ear  mechanism  hear  by  the  use 
of  apparatus  that  collects  and  transmits  sound  vibrations 
through  the  teeth  and  bones  in  the  head  to  the  auricular 
nerve.  The  nerve  itself  must,  of  course,  in  order  to  accom- 
plish this,  be  in  a  natural  state,  free  from  disease. 


SIMPUS    HARMONIC    MOTION 

7.  Such  a  curve  as  that  shown  in  Fig.  3  represents  what 
is  termed  simple  harmonic  motion^  which  is  a  most  important 
form  of  vibration,  not  only  in 
acoustics,  but  in  all  other 
branches  of  physics  relating 
to  wave  motion.  If  a  pin 
head  p^y  Fig.  4,  on  a  disk  D 
revolving  at  a  uniform  speed 
is  allowed  to  cast  a  shadow 
perpendicularly  on  a  plane  at 
right  angles  to  the  disk,  the 
movement  of  this  shadow 
will  be  a  simple  harmonic 
vibration.  The  movement, 
of  course,  will  be  in  a  straight 
line,  as  shown  at  pp.  Starting  at  one  end  of  the  path,  the 
shadow  will  move  slowly  at  first,  but  with  increasing  velocity, 
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until  the  middle  point  of  its  path  is  reached.  ,  Here  the 
velocity  will  be  a  maximum,  and  after  passing  this  point, 
it  will  decrease  more  and  more  rapidly  until  it  comes  to  rest 
momentarily  at  the  other  end  of  the  path.  The  direction  of 
motion  will  then  be  reversed,  and  the  shadow  will  again 
attain  its  maximum  velocity  in  the  other  direction  at  the 
center  point  in  its  path,  and  will  again  come  to  rest  momen- 
tarily at  the  starting  point. 

8.  simple  harmonic  motion  may  be  defined  as  the 
movement  of  the  projection  on  a  fixed  straight  line  of  a 
point  moving  uniformly  in  a  circular  path.  This  definition 
will  perhaps  be  made  clearer  by  considering  Fig.  5.  Let  p^ 
be  a  point  moving  with  a  uniform  velocity  in  a  circular  path 
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of  which  the  center  is  O,  the  dir.ection  of  motion  being  as 
indicated  by  the  curved  arrow.  The  projection  p  of  the 
point  on  the  vertical  diameter  of  this  circle  will,  it  is  evi- 
dent, move  from  one  end  of  this  diameter  to  the  other  in 
exactly  the  same  manner  as  did  the  shadow  of  the  pin  head 
in  Fig.  4.  If,  while  the  projected  point  p  in  Fig.  5  is  moving 
along  the  vertical  diameter  with  harmonic  motion,  it  should 
be  caused  to  trace  its  course  on  a  sheet  of  paper  by  drawing 
the  paper  with  a  uniform  motion  from  right  to  left  under  the 
point,  the  path  on  the  paper  would  be  as  indicated  by  the 
curved  line  A  B  C D  E,  The  beginning  A  of  the  curve  cor- 
responds to  a  time  when  the  point  p*  was  at  the  point  A'  on 
the  circumference.  As  the  movement  progresses,  the  curve 
will  gradually  rise  to  a  maximum  height  at  Z?,  which  is 
reached  when  the  point/'  has  been  rotated  from  its  original 
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position  A'  through  90°  of  the  circle  to  its  highest  posi- 
tion //^\  The  curve  will  then  descend  and  reach  the  zero  line 
at  C,  when  the  point  p'  has  been  rotated  through  an  angle  of 
180°  to  ^"^  '  The  next  half  of  the  revolution  of  the  point  // 
will  cause  its  projected  point  p  to  trace  a  curve  below  the  line 
exactly  similar  to  that  traced  by  the  first  half  above  the  line. 

9.  Amplitude. — The  amplitude  of  vibration  is  the 
maximum  displacement  of  the  point  p  from  its  center  posi- 
tion O.  Thus,  in  Fig.  4  the  amplitude  would  be  represented 
by  one-half  the  length  of  the  line  p  p^  and  in  Fig.  5 
by  the  radius  of  the  circle. 

10.  Cycle. — A  complete  vibration  to  and  fro  of  the 
point  /,  corresponding  to  a  rotation  of  the  point  p^  through 
360°  is  termed  a  cycle.  A  complete  cycle  would  therefore 
be  represented  by  the  part  ABCDE  of  the  curve,  Ee! 
being  part  of  the  next  cycle.  It  is  seen  that  in  its  vibration 
the  point  /,  Fig.  5,  has  completed  one  full  cycle  and  has 
started  on  the  next,  being  at  the  time  shown  at  the  point  ef 
on  the  curve.  The  distance  AE  \%  the  length  of  one 
complete  wave,  and  is  called  the  wave  lengrth. 

It  is  evident  that  simple  harmonic  motion,  although 
taking  place  in  a  straight  line,  is  very  closely  allied  to  circu- 
lar motion,  and  it  is  therefore  customary  to  deal  with  it  by 
means  of  angular  measure.  Thus,  a  complete  cycle  would 
be  represented  by  360°,  or  by  2  ;r  r,  where  r  is  the  radius  of 
the  circle,  or  the  amplitude  of  vibration. 

.11.  Phase. — The  portion  of  a  cycle  through  which  a 
vibrating  point  has  passed  at  a  given  time  is  called  the  phase 
of  the  vibration,  and  is  usually  expressed  in  angular  meas- 
ure. Thus,  the  point  B  on  the  curve  in  Fig.  5  represents 
a  phase  of  90°;  the  point  C  a  phase  of  180°;  the  point  Z>, 
270°;  and  the  point  E,  860°,  or  a  complete  cycle. 

12.  Frequency. — The  number  of  complete  cj^cles  occur- 
ring in  1  second  of  time  is  called  the  frequency  of  the  vibra- 
tion. The  term  frequency  is  often  misused  by  representing 
it  as  the  number  of  half  vibrations  that  occur  in  a  second. 
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13.     Period. — The  period  of  a  vibration  is  the  time  that 
elapses  during  one  complete  cycle;  thus,  if  T  represents  the 

period  and  n  the  frequency,  it  is  evident  that  7"  =  — .     It  is 

the  time  required  for  the  wave  to  move  from  ^  to  -£*  in  Fig.  5. 
The  horizontal  distance  measured  along  the  line  A  E  may 
be  taken  as  a  measure  of  the  time  elapsing  during  the  pas- 
sage of  the  point  p  from  any  point  on  the  diameter  of  the 
circle  to  any  other  point,  or  it  may  be  taken  as  a  measure 
of  the  angle  through  which  the  point  p^  has  rotated  from 
its  original  position  A'.  Thus,  if  it  takes  the  point  p  just 
4  seconds  to  pass  from  the  center  point  O  through  a  com- 
plete cycle  back  to  that  point,  it  is  evident  that  the  dis- 
tance A  E  will  represent  the  time  of  one  complete  cycle, 
that  is,  4  seconds.  It  may  also  represent  the  angular  rota- 
tion of  the  point  ^,  and  in  circular  measure  will  be  360°,  or 
2;rr.  In  a  like  manner,  the  distance  Ab  will  represent  a 
time  of  1  second,  since  it  is  one-fourth  of  A  E,  or  an  angular 
rdftation  of  90°;  the  distance  ^4  C,  a  time  of  2  seconds,  or  an 
angular  rotation  of  180°;  and  the  distance  Ad,  a,  time  of 
3  seconds,  or  an  angular  rotation  of  270°. 


THE    CURVE    OP    SINES 

14.  The  curve  shown  in  Fig.  5,  which  is  used  to  repre- 
sent simple  harmonic  motion,  may  also  represent  all  the 
values  of  the  sine  of  an  angle,  while  the  angle  is  uniformly 
increasing  from  0°,  and  is  therefore  termed  the  curve  of 
sines,  or  the  sine  curve. 

It  has  been  shown  that  the  distances  from  the  point  A  in 
a  horizontal  direction  may  be  considered  as  measures  of 
the  angle  through  which  the  point  p'  and  the  line  Op'  has 
rotated.  In  a  similar  manner,  it  may  be  shown  that  the 
ordinate  of  the  curve  at  any  point,  that  is,  the  perpendicular 
distance  frpm  the  curve  to  the  base  line,  is  a  measure  of  the 
sine  of  the  angle  represented  by  the  horizontal  distance  of 

that  point  from  the  reference  point  A,  for  sin  A'  Op'  =  ~tt. 
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or  pfp^'  =  Op^  sin  A'  Op^  =  r  sin  A'  Of/,  where  r  is  the 
radius  of  the  circle,  or  the  amplitude  of  vibration. 

Now,  p^ p"  =  Op,  and  as  any  ordinate  ^  /  at  any  point  on 
the  curve  is  always  equal  to  the  distance  Op  for  the  corre- 
sponding angle,  it  follows 
that  any  ordinate  on  the 
curve  will  be  e  £  =  r  sin 
A'  Op',  where  A'Op^  is  the 
angle  corresponding  to  the 
position  taken  on  the  curve. 


COBlPIiEX  WAVE    MOTION 

15.  Even  though  the 
vibrations  of  a  point  may 
be  periodic,  that  is,  reg- 
ularly recurring,  they  may 
not  follow  such  a  simple 
law  as  that  of  simple  har- 
monic motion.  A  vibration 
that  is  not  harmonic  is 
represented  by  the  curve  A, 
Fig.  6,  and  this  wave  may 
be  considered  as  the  result- 
ant of  two  sine  waves  B  and 
C  of  which  C  has  twice  as 
great  a  frequency  as  B,  It 
is  readily  seen  from  the 
curves  that  C  makes  just 
twice  as  many  complete 
vibrations  in  a  given  time 
as  B,  The  curve  A  is  ob- 
tained by  adding  together 
the  ordinates  of  the  curves 
B  and  C;  thus,  the  ordinate 
ad  oi  the  point  a  on  the  curve  A  is  the  sum  of  the  ordinate  c d 
of  the  curve  C  and  the  ordinate  bd  oi  the  curve  B.  When 
the  curves  B  and  C  are  on  the  opposite  sides  of  the  zero 
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line,  the  difference  of  the  two  ordinates  is  taken.  Thus, 
the  point  a!  on  the  curve  A  is  determined  by  subtracting 
the  ordinate  d  d*  of  curve  C  from  the  ordinate  b^  d'  of  the 
curve  B.  The  curve  A  is  called  the  resultant  of  the  curves 
B  and  C 

16.  Fourier's  Theorem. — This  theorem  states  that  any 
complex  periodic  vibration  may  be  considered  as  the  resultant 
of  a  number  of  simple  vibrations,  of  which  the  frequencies 
are  1,  2,  3,  4,  etc.  times  the  frequency  of  the  complex  vibra- 
tion. This  is  illustrated  in  Fig.  6,  where  the  curve  A,  repre- 
senting a  compound  vibration  is  composed  of  two  other 
curves  representing  simple  vibrations,  one  of  which  has  a 
frequency  the  same  as  that  of  the  compound  vibration,  and 
the  other  of  which  has  a.  frequency  equal  to  twice  that  of  the 
compound  vibration. 

THE    LIMITS    OF    AUDIBILITY 

17.  All  vibrations  that  set  up  waves  in  the  manner 
already  mentioned  are  not  capable  of  producing  the  sensa^ 
tion  of  sound. 

A  uniform  series  of  vibrations,  a  definite  number  of  which 
are  produced  in  a  given  time,  and  which  are  within  limits 
capable  of  exciting  the  auricular  nerves,  is  called  a  tone. 
Thus,  a  simple  musical  tone  results  from  a  continuous, 
rapid,  and  uniformly  recurring  series  of  vibrations,  pro- 
vided that  the  number  of  complete  vibrations  per  second 
falls  within  certain  limits. 

If,  for  example,  the  vibrations  number  less  than  32  per 
second,  a  series  of  successive  noises  are  heard,  while,  if  their 
number  is  greater  than  40,000  per  second,  the  ear  is  not 
capable  of  appreciating  the  sound.  Of  course,  different 
people  have  very  different  powers  of  hearing.  The  number 
of  vibrations  of  a  musical  tone  is  somewhere  between  35,000 
and  32  per  second,  and  the  number  of  vibrations  produced 
by  the  human  voice  when  talking  is  between  61  and  1,305 
per  second.  In  ordinary  conversation,  the  average  frequency 
is  about  300  per  second. 
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CHARACTERISTICS    OF    SOUND 

18.  All  sounds  have  three  character  I  sties,  variations 
in  which  enable  us  to  distinguish  between  the  different  sounds 
we  hear.     They  are  termed  loudness,  pitch,  and  timbre, 

m 

19.  lioudness.  —  Loudness  is  that  characteristic  of 
sound  which  depends  on  the  amplitude  of  the  sound  wave. 
It  depends  on  the  amount  of  energy  in  the  vibrations  pro- 
ducing  the  sound.  As  an  illustration,  the  striking  of  a  cer- 
tain key  on  a  piano  may  be  made  to  produce  a  loud  or  a  soft 
sound,  according  to  the  degree  of  force  with  which  the  key 
is  struck.  If  considerable  energy  is  used  in  striking  the  key, 
the  corresponding  string  is  made  to  vibrate  with  great  ampli- 
tude, and  therefore  to  give  forth  a  sound  of  great  loudness. 
The  pitch  and  timbre  are  the  same,  whether  the  key  is  struck 
forcibly  or  lightly.     Loudness  is  the  intensity  of  sound. 

20.  Pitch. — Pitch  depends  entirely  on  the  number  of 
vibrations  per  second,  that  is,  on  the  frequency.  A  low  rate 
of  vibration  produces  what  is  called  a  low  tone  and  a  high 
rate  a  high  or  shrill  tone.  The  difference  between  the 
sounds  emitted  by  long  and  short  strings  of  the  same 
material  and  of  equal  size  and  tension  is  one  of  pitch.  This 
is  well  illustrated  in  the  violin,  where  the  same  string  may 
be  made  to  give  forth  a  low  or  a  high  tone  by  merely  vary- 
ing the  effective  length  of  the  string  by  pressing  the  finger 
against  it  at  different  points.  Such  a  vibration  as  is  illus- 
trated by  curve  B,  Fig.  6,  will  produce  a  sound  of  a  certain 
pitch,  while  the  wave  motion  represented  by  curve  C  in  the 
same  figure  will  produce  a  tone  of  twice  the  pitch,  because  its 
frequency  or  rate  of  vibration  is  twice  as  great  as  that  of  the 
wave  B,  The  fact  that  the  frequency  of  the  wave  represented 
by  C  is  just  double  that  of  the  wave  represented  by  B  will 
render  the  tone  set  up  by  the  former  the  octave  of  the  latter. 

21.  Timbre. — Timbre  is  the  quality  of  sound,  and 
depends  only  on  the  form  of  the  sound  wave.  A  pure  tone 
is  one  produced  by  a  simple  vibration,  such  as  is  represented 
In  Fig.  3.     Such  a  tone  has  a  very  different  sound  from  one 
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produced  by  a  more  complex  set  of  vibrations,  as,  for 
instance,  those  represented  by  curve  A^  Fig.  6.  This  curve, 
as  we  have  seen,  is  produced  by  a  combination  of  two  simple 
wave  motions,  one  represented  by  B  and  the  other  by  C. 
The  waves  of  ordinary  musical  tones  are  rather  more  com- 
plex than  that  shown  by  A,  and  are  usually  composed  of  one 
simple  vibration  having  the  same  frequency  as  that  of  the 
complex  tone  when  considered  as  a  whole,  and  also  many 
other  vibrations  having  frequencies  of  2,  3,  4,  etc.  times  the 
frequency  of  the  first  vibration.  The  wave  having  the  lowest 
rate  of  vibration  is  termed  the  fundamental  wave  of  a  com- 
posite sound,  and  those  waves  of  higher  rates  of  vibration 
are  called  overtones.  These  latter  are  due  to  the  fact  that  the 
body  producing  the  sound  vibrates  not  only  as  a  whole,  but 
in  its  various  parts,  the  vibration  of  the  parts  of  course  being 
of  a  higher  frequency  than  those  of  the  whole.  The  timbre 
or  quality  of  a  sound  depends  not  on  the  amplitude  of  vibra- 
tion as  does  the  loudness,  nor  on  the  rate  of  vibration  as 
does  the  pitch,  but  on  the  number  of  overtones  superimposed 
on  the  fundamental  tone  and  also  on  the  relative  intensities 
of  the  overtones  to  each  other  and  to  that  of  the  funda- 
mental. The  quality  of  a  tone  may  therefore  be  said  to 
depend  on  the  form  of  the  resultant  wave. 

22.  Phase  Relation  and  Wave  Form. — To  illustrate 
the  effect  that  the  phase  relations  of  the  various  components 
of  a  complex  sound  may  have  on  the  timbre  or  quality, 
reference  is  made  to  Fig.  7.  In  this  are  shown  three  com- 
plex waves  Ay  A\  and  A'^y  each  of  which  is  composed  of  two 
simple  waves  By  C,  as  in  Fig.  6.  The  component  waves 
By  By  B  are  in  each  case  alike  in  amplitude  and  frequency,  as 
are  also  the  component  waves  C  C,  C  The  frequency  of 
waves  C  is,  however,  twice  that  of  waves  B.  Although 
having  the  same  components,  the  form  of  the  resultant 
wave  is  entirely  different  in  each  of  the  three  cases,  this 
difference  being  due  to  the  fact  that  the  two  component 
curves  differ  from  each  other  as  to  their  phase  relations 
in  each  case.     Thus,  in  curve  Ay  the  component  curve  C 
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always  passes  through  the  zero  line  at  the  same  instant  as 
does  the  component  curve  B,  In  the  curve  A\  the  curve  C 
is  shifted  about  30*^  (in  relation  to  curve  B)  to  the  left  of 
the  position  that  it  occupied  in  curve  A\  i.  e.»  one-sixth  of 
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its  own  wave  length;  and  in  curve  A*\  the  curve  C  is 
again  shifted  to  the  left  by  about  an  equal  amount.  The 
sounds  produced  by  the  three  wave  forms  A,  ./',  and  A" 
will  differ  not  much  as  to  loudness,  for  their  amplitudes 
are  about  the  same;  not  as  to  pitch,  for  their  frequencies 
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are  the  same;  but  considerably  as  to  timbre,  because  the 
wave  forms  are  different.  The  changes  in  the  form  of  a 
resultant  wave,  brought  about  by  shifting  the  phases  of  its 
component  parts  with  respect  to  each  other,  is  much  more 
apparent  where  a  larger  number  of  components  than  two  is 
considered.  As  a  familiar  illustration  of  differences  in 
timbre,  the  same  note  on  the  flute,  the  violin,  and  the  clari- 
net may  have  identically  the  same  loudness  and  also  the 
same  pitch,  yet  the  tones  will  be  very  different.  The  note 
sounded  on  the  violin  differs  from  the  same  note  on  the  flute, 
because,  although  the  fundamental  of  both  may  be  the  same 
in  pitch  and  loudness,  the  overtones,  or,  as  they  are  some- 
times called,  the  harmonics,  differ  both  in  number  and 
relative  intensities.  What  is  recognized  by  the  ear  as  the 
pitch  of  such  sounds  is,  in  reality,  the  pitch  of  only  one  of 
these  tones,  that  is^the  fundamental,  because  it  is  usually  the 
most  prominent.  This  difference  in  the  above  two  sounds  is 
due  to  timbre  alone.  

ARTICirL.ATE    SPEECH 

23.  The  successive  vibrations  set  up  by  the  vocal 
organs,  forming  distinguishable  and  intelligible  sounds,  are 
called  articulate  speech.  These  vibrations,  which  are 
roughly  represented  in  Fig.  8,  are  the  most  complex  in  the 
whole  realm  of  sound — so  complex,  in  fact,  as  to  defy  mathe- 
matical analysis;   but  it  is  certain  that  their  variations  in 
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loudness,  pitch,  and  timbre  depend  on  the  facts  already 
outlined.  By  means  of  these  variations,  we  are  not  only 
enabled  to  understand  the  words  spoken  by  others,  with  all 
their  various  shades  of  intonation  and  corresponding  shades 
of  meaning,  but  we  are  enabled  to  distinguish  between  the 
voices  of  the  many  people  with  whom  we  are  acquainted. 
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24.  Difficulties  of  Transmission. — From  these"  facts, 
it  becomes  evident  that  the  transmission  of  articulate  speech 
between  two  distant  points  by  any  means  whatsoever  is  a 
problem  involving  difficulties  far  greater  than  those  of  tele- 
graphy, where  transmission  of  single  waves  or  impulses 
following  each  other  in  the  proper  succession  is  all  that  is 
required.  In  telephonic  transmission,  not  only  must  the  con- 
stantly varying  rate  and  amplitude  of  vibration  be  faithfully 
reproduced  at  the  receiving  end  of  a  line,  but  the  fundamental 
tone  and  all  the  overtones  must  be  reproduced,  giving  each 
its  proper  value  and  without  altering  the  phase  relations 
between  them. 


HISTORY  AND    FUNDAMENTAL   PRIN- 
CIPLES OF  TELEPHONY 


EARLY    EXPERIMENTS 

25.  The  successful  production  of  the  telegraph  by  Prof. 
S.  F.  B.  Morse,  in  1838,  was  the  forerunner  of  the  telephone, 
as  it  formed  the  first  practical  application  of  electricity  to  the 
transmission  of  intelligence.  The  successful  speaking  tele- 
phone was  not,  however,  produced  until  1876,  nearly  40  years 
later.  Although  many  attempts  were  made  previous  to  that 
year,  they  were  unsuccessful,  because  the  electrical  princi- 
ples involved,  as  well  as  the  laws  of  acoustics,  were  evi- 
dently not  thoroughly  understood  by  the  experimenters. 
To  follow  briefly  these  experiments  is  not  only  interesting 
but  instructive,  in  that  they  show  many  points  that  rnust  be 
avoided  in  the  design  of  successful  telephone  instruments. 


BOUKSEUL'S    PROPOSED    METHOD 

26.  In  1854,  a  Frenchman,  Charles  Bourseul,  proposed 
a  method  for  the  actual  transmission  of  speech  between 
distant  points,  which,  but  for  one  error,  would  have  pro- 
duced, if  followed  out,  a  practical  speaking  telephone.     His 
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words  were  as  follows:  Suppose  that  a  man  speaks  near 
a  movable  disk  sufficiently  pliable  to  lose  none  of  the  vibra- 
tions of  the  voice,  and  that  this  disk  alternately  makes  and 
breaks  the  current  from  a  battery;  you  may  have  at  a  dis- 
tance another  disk  which  will  simultaneously  execute  the 
same  vibrations.  *  *  *  It  is  certain  that  in  a  more  or 
less  distant  future,  speech  will  be  transmitted.  I  have  made 
experiments  in  this  direction;  they  are  delicate,  and  demand 
time  and  patience,  but  the  approximations  obtained  promise 
a  favorable  result.** 


REIS'S    BXPBRIM£NT8 

27.  In  1861,  Philip  Reis,  following  somewhat  closely  the 
ideas  set  forth  by  Bourseul,  produced  a  set  of  instruments 
that  were  capable  of  transmitting  musical  tones  with  con- 
siderable accuracy,  and  it  is  also  possible  that  the  actual 
transmission  of  speech  was  also  accomplished.  If  speech 
was  not  transmitted,  it  was  simply  because  Reis  did  not 
adjust  his  instruments  properly.  The  principles  of  Reis*s 
apparatus  are  shown  in  Fig.  9.     The  receiver  is  represented 
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at  /^  and  the  transmitter  at  T.  The  transmitter  consisted  of 
a  thin  membrane  or  diaphragm  d  motmted  in  an  opening  of  a 
rectangular  box,  as  shown  in  Fig.  10.  A  mouthpiece  m  was 
provided  in  one  side  of  the  box,  into  which  the  sounds  to  be 
transmitted  were  directed.  The  vibrations  set  up  in  the  air 
caused  the  diaphragm  to  vibrate  to  and  fro  in  the  manner 
already  described.  Carried  on  the  diaphragm  d  was  a  thin 
copper  strip  s  going  to  a  platinum  disk  at  the  center  of  the 
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diapbraerm.  Almost  touching  this  disk  was  a  platinum  con- 
ict  point  fixed  to  a  stationary  piece  of  copper  e  fastened  to 
|bo  box.     Now.  as  the  diaphragm  vibrated  up  and  down, 

i  platinum  disk  alter- 
Htclj*  made  and  broke 
iODtact  with  the  p!at- 
^am  point. 
I  The  receiver  R  con- 
Mstcd  uf  a  knitting 
peedle  n,  on  which 
rapped  many 
-ns  of  insulated  wire, 
'be  needle  was  mount- 
)  in  a  box  of  resonant 
rood,  as  shown  in 
f\Z.  \\. 

28.  Action  of  R«ls*s  Apparatus. — The  action  of  this 
xivcr  was  based  on  a  fact  pointed  out  by  Page  in  1837, 
,  rod  of  iron  suddenly  magnetized  or  demagnetized 
Would  emit  certain  sounds,  or  clicks,  due  supposedly  to  a 
rearrangement  of  the  molecules  caused  by  the  changes  in  mag- 
oetism.     This  is  known  as  the  Page  effect.     It  is  also  known 


lal  the  magnetisation  of  a  rod  causes  it  to  become  slightly 
bngcr,  due  probably  to  the  same  molecular  rearrangement. 
Ihc  box  in  which  Reis  mounted  his  receiver  served  as  a 
lunding  board  to  amplify  any  sounds  produced  by  changes 
I  the  magnetism  of  the  needle.  These  two  instruments 
e  connected  in  one  circuit,  together  with  a  battery  B,  as 
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shown  in  Fig.  9.  At  each  vibration  of  the  diaphragm  </,  the 
circuit  through  the  battery  was  made  and  broken,  thus  allow- 
ing impulses  of  current  to  flow  through  the  coil  surrotmding 
the  knitting  needle.  This,  of  course,  alternately  magnetized 
and  demagnetized  the  rod,  thus  producing  a  sound  having 
exactly  the  same  rate  of  vibration  as  the  diaphragm. 

Reis  thus  followed  the  method  pointed  out  by  Bourseul, 
and  in  doing  so  made  the  same  error  that  Bourseul  had  made. 
This  was  in  so  adjusting  his  instrument  that  the  vibrations  of 
the  diaphragm  caused  the  contact  points  to  make  and  break 
the  circuit  alternately  instead  of  maintaining  the  contact  at  all 
times,  and  merely  causing  variations  in  pressure  betweea 
them  by  the  vibrations  of  the  diaphragm.  As  long  as  the 
instrument  was  adjusted  to  niake  and  break  contact,  it  could 
transmit  the  pitch  of  the  fundamental  note,  but  not  relative 
loudness  or  timbre.  This  instrument  does  not  transmit 
variations  in  loudness,  because  the  electric  current  always 
rises  to  the  same  maximum  value,  and  again  falls  to  absolute 
zero  as  the  contact  is  made  and  again  broken.  It  does  not 
transmit  timbre,  because  the  circuit  is  made  and  broken  just 
as  many  times  per  second  as  there  are  vibrations  in  the 
fundamental  note,  there  being  no  means  whatever  for  trans- 
mitting the  vibrations  of  the  large  number  of  overtones 
which  must  accompany  articulate  speech.  However,  his 
so-called  Page  receiving  instrument.  Fig.  11,  if  connected  to 
a  properly  adjusted  transmitter,  can  be  made  to  reproduce 
fairly  well  not  only  the  pitch  of  the  fundamental,  but  also 
the  timbre  and  loudness.  With  this  type  of  transmitter,  a 
battery  in  the  circuit  is  necessary. 

It  hardly  seems  possible  that  Reis,  in  the  elaborate  series  of 
experiments  that  he  undoubtedly  made,  could  have  avoided 
such  an  adjustment  as  would  have  maintained  a  constant 
contact  between  the  platinum  points  and  the  copper  strip  c 
and  still  have  allowed  the  diaphragm  to  vibrate,  thus  causing 
variations  in  pressure  between  the  contact  points  without 
actually  breaking  the  circuit.  The  fact  remains,  however, 
that  Reis*s  invention  was  not  brought  to  a  practical  degree  of 
perfection,  and  remained  in  obscurity  for  a  period  of  15  years. 
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In  1876,  Prof.  Alexander  Graham  Bell  and  Prof.  Elisha  Gray, 
.  botb  Americans,  filed  in  the  United  States  Patent  Office  on 
■the  same  day,  .ind  almost  at  the  same  hour,  their  applica- 
tions for  patents  on  speaking  telephones,  each  of  which  con- 
Blatns  the  elements  now  embodied  in  our  perfected  apparatus. 

BELL'S    EABLT    IN8TRDMRNTS 

29.     The  first  form  of  instrument  constructed  by  Bell,  in 

!l876,  was  the  so-called  harp  of  steel  rods  shown  in  Fig,  12. 

liis  instrument  consisted  of  a  number  of  steel  rods  //,  vary- 

'ing  gradually  in  length,  attached  to  one  end  of  a  permanent 

magnet  //S.     A  single  soft-iron  core,  over  which  was  wound 

a  single  cdil  of  insulated  wire,  was  fastened  to  the  other  pole 

F  [he  permanent  magnet.     The  receiving  and  transmitting 

linstniments  are  exactly  alike,  and  it  should  be  noticed  that 

>  battery  is  used. 


Consider  A  as  the  transmitting   instrument.     When  any 

!  of  the  rods  of  -•/  is  thrown  into  vibration  sympathet- 

Uy  by  a  simple  sound  wave  in  the  surrounding  air,  the 

stance  between  the  rod  and  core  is  varied.     The  variation 

I  tbis  distance  causes  a  similar  variation  in  the  reluctance 

;  the  magnetic  circuit,  which  in  turn  causes  the  number 

[  lines  of  force  to  increase  as  the  distance  decreases,  and 

I  decrease  as  the  distance  increases,   thereby  generating 

I  ihe  coil  of  wire  £  surrounding  the  core  a  simple  alter- 

latinfT   electromotive   force,    and    this   electromotive   force 

binses  a  simple  alternating  current,  having  exactly  the  same 
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frequency  as  that  of  the  simple  sound  wave,  to  flow  through 
the  circuit.  This  current  circulating  through  the  coil  E' 
will  increase  and  decrease  the  magnetism  of  the  core  inside 
it,  and  cause  to  vibrate  only  that  rod  which,  on  account  of 
its  length  and  size,  has  naturally  exactly  the  same  pitch  as 
the  vibrating  rod  at  A  that  caused  this  current.  This  rod 
is  said  to  be  set  into  vibration  sympathetically  with  the 
changes  in  magnetic  strength  of  the  iron  core  of  E'.  Not 
only  have  the  two  rods  the  same  pitch,  but  the  amplitude  of 
vibration  of  the  first  determines  the  amplitude  of  vibration 
of  the  second,  because  the  more  vigorously  the  first  vibrates, 
the  greater  will  be  the  maximum  value  of  the  current  gen- 
erated, and  therefore  the  greater  will  be  the  variation  in  the 
pull  between  the  core  and  the  rod  at  B.    Therefore,  one  rod 
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is  able  to  transmit  not  only  pitch,  but  a  variation  in  loudness. 
By  having  a  large  number  of  rods — one  for  each  note  on  the 
piano i  for  instance — musical  sounds  could  be  fairly  well  trans- 
mitted. Furthermore,  if  there  could  be  as  many  rods  in 
each  instrument  as  there  are  different  pitches,  within  the 
limits  of  audibility,  then  speech  could  be  transmitted,  for  it 
is  evident  that  then  any  number  of  possible  pitches,  each 
with  any  degree  of  loudness,  could  be  sympathetically  taken 
up  by  the  rods  at  A  and  given  out  by  the  corresponding 
rods  at  By  with  the  same  relative  loudness.  To  successfully 
accomplish  this,  however,  would  require  an  infinite  num- 
ber of  rods,  which  would  render  the  instrument  utterly 
impracticable.  It  should  be  understood  that  no  battery  is 
necessary  with  these  permanent-magnet  instruments. 
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30.  Two  more  of  Bell's  early  instruments  are  shown  in 
Fig^s.  13  and  14.  The  transmitter  shown  in  Fig.  13  con- 
sisted of  a  double-pole  electromagnet  (not  a  permanent 
magnet)  mounted  in  a  horizontal  position  in  front  of  a 
vibrating  diaphragm  d  of  gold-beater's  skin,  carrying  a  small 
soft-iron  armature  a  glued  to  its  center.  This  diaphragm 
was  tightly  stretched  across  a  framework  having  an  opening 
for  a  mouthpiece,  and  when  set  in  vibration  by  the  sound 
waves,  caused  the  armature  a  to  move  alternately  toward  and 
from  the  poles  of  the  electro- 
magnet. The  receiver  con- 
sisted of  an  electromagnet 
nty  Fig.  14,  mounted  ver- 
tically in  a  hollow  soft- 
iron  cylinder  «.  The  top  of 
this  cylinder  was  almost 
closed  by  a  thin  sheet-iron 
disk,  secured  only  at  one 
side  of  the  cylinder  and 
slightly  sprung  away  from 
its  upper  edge,  so  as  to  be 
free  to  vibrate  when  acted  on  by  the  electromagnet.  The 
lower  end  of  the  cylinder  was  closed  by  an  iron  disk,  to  which 
the  lower  end  of  the  magnet  core  was  attached  in  such  a  man- 
ner that  the  magnetic  circuit  was  rendered  complete,  except 
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for  the  slight  break  between  the  diaphragm  and  the  core. 
These  two  instruments  were  connected  in  series  in  the  same 
circuit  with  a  battery,  as  shown  in  Fig.  15.    A  battery  is  always 
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necessary  whenever  a  simple,  non-polarized  electromagnet  is 
used  in  a  transmitter.  These  instruments  and  this  particular 
arrangement  of  the  circuit  formed  Bell's  famous  exhibit  at 
the  Centeonial  in  Philadelphia  in  1876,  which  was  the  intro- 
duction of  the  speaking  telephone  to  the  g;eneral  public. 
Soon  after,  this  apparatus  was  somewhat  modified,  the  dia- 
phragm of  both  receiver  and  transmitter  being  made  of  a 
thin  disk  of  sheet  iron  and  the  core  of  the  electromagnet 
permanently  polarized,  it  being,  in  fact,  a  permanent  magnet 
in  itself. 

It  is  interesting  to  note  that  Bell  first  tried  a  permanent- 
magnet  instrument,  the  harp  of  rods,  without  a  battery,  then 
electromagnetic  instruments  requiring  a  battery — his  trans- 
mitter and  tubular  receiver  exhibited  at  the  Philadelphia 
Centennial — and  finally,  permanent-magnet  instruments,  but 
with  sheet-iron  diaphragms  for  both  the  transmitter  and  the 
receiver.  This  is  one  of  the  most  remarkable  pieces  of 
apparatus  ever  devised.  It  comprises  the  simplest  form 
of  electric  telephone,  and  may  be  used  as  either  a  trans- 
mitter or  a  receiver.         

THE  MAGNETO-TELEPHONE 

31.  A  telephone  transmitteF  is  an  instrument  that 
takes  up  the  vibrations  of  the  sound  to  be  transmitted  and 
causes  corresponding  fluctuations  of  electric  current  to  flow 
in  the  circuit  in  which  it  is  connected. 


A  telephone  receiver  is  an  instrument  that  receives 
fluctuating  currents  corresponding  to  sound  waves  and  trans- 
lates them  into  distinguishable  sounds. 
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The  action  of  Bell's  instrument  will  be  understood  by  ref- 
erence to  Fig.  16,  in  connection  with  the  following  description. 

32.  Action  as  a  Receiver. — A  thin  diaphragm  P  is 
mounted  close  to,  but  not  touching,  one  pole  of  the  permanent 
magnet  A^^".  A  coil  of  fine  wire  Cis  wound  around  one  end 
of  the  magnet,  and  the  terminals  of  this  coil  are  connected 
directly  in  the  circuit  in  which  the  instrument  is  to  be  used. 

It  is  evident  that  the  diaphragm  will  normally  be  strained 
slightly  toward  the  magnet  by  the  attraction  of  the  latter. 
If  a  current  is  sent  through  the  coil  in  such  a  direction  that 
the  lines  of  force  set  up  by  it  coincide  with  those  of  the 
permanent  magnet,  the  strength  of  the  magnet  will  be 
increased  and  the  diaphragm  will  be  pulled  still  closer  to 
the  pole.  If,  however,  a  current  is  sent  through  the  coil  in 
such  a  direction  as  to  set  up  lines  of  force  opposing  those  of 
the  magnet,  the  strength  of  the  magnet  will  be  diminished 
and  the  diaphragm  allowed  to  spring  farther  from  the  pole. 

If  a  current  that  is  undulatory,  but  always  in  the  same 
direction,  is  sent  through  the  coil,  the  lines  of  force  induced 
by  it  in  the  magnet  will  increase  while  the  current  is  increas- 
ing and  will  decrease  whilQ  it  is  decreasing.  Thus,  whether 
the  lines  induced  by  the  coil  are  in  the  same  direction  as 
those  of  the  magnet  or  not,  the  varying  pull  on  the  dia- 
phragm will  cause  vibrations  in  the  latter  that  will  be  in 
harmony  with  the  changes  in  current. 

Again,  if  the  current  is  an  alternating  one — one  that  flows 
first  in  one  direction  and  then  in  the  other — the  lines  set  up 
by  it  in  the  magnet  will  change  their  direction  every  time^ 
the  current  changes  its  direction.  They  will  thus,  while 
flowing  in  one  direction,  add  to  the  strength  of  the  magnet, 
and  while  flowing  in  the  other,  diminish  it,  thus  producing  a 
similar  variation  in  attraction  between  the  core  and  the  dia- 
phragm, as  in  the  case  of  the  undulatory  current. 

33.  Action  as  a  Transmitter. — While  an  alternating 
current  sent  through  the  coil  will  cause  the  diaphragm  to 
vibrate,  the  converse  of  this  statement  is  true;  that  is,  if  the 
diaphragm  of  the  instrument  is  caused  to  vibrate  by  some 
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external  means,  corresponding^  alternating:  currents  will 
flow  in  the  coil — provided,  of  course,  that  its  circuit  is  closed 
and  that  there  is  no  battery  in  the  circuit.  This  is  true 
because  the  movement  of  the  diaphragm  toward  the  pole 
of  the  magnet  increases  the  number  of  lines  of  force  pass- 
ing through  the  coil,  for  it  is  a  well-known  fact  that  changing 
the  number  of  lines  of  force  through  a  closed  circuit  will 
cause  currents  to  flow  in  that  circuit.  Similarly,  when  the 
diaphragm  moves  from  the  pole,  the  number  of  lines  passing 
through  the  coil  will  diminish  and  thus  cause  a  current 
to  flow  in  the  opposite  direction.  Thus,  for  an  outward 
movement  of  the  diaphragm,  we  will  have  a  current  in 
the  coil  in  one  direction,  and  for  an  inward  movement  a 
current  in  the  other  direction. 

34.     Mutaal    Action    of    Two    Instruments. — Two 

instruments  like  that  shown  in  Fig.  16,  if  connected  in  one 

8 


z 

Pio.  17 

circuit,  as  shown  in  Fig.  17,  represent  the  apparatus  and 
arrangement  of  Bell's  improved  telephone. 

When  the  soft-iron  diaphragm  P  is  spoken  against,  it 
takes  up  the  vibrations  of  the  sound  waves,  and  thus  causes 
changes  in  the  strength  of  the  magnetic  field  in  which  the 
coil  lies.  These  changes,  as  shown  above,  cause  currents, 
flrst  in  one  direction  and  then  in  the  other,  that  is,  an  alter- 
nating current  to  flow  in  the  circuit.  These  currents  vary 
in  direction,  strength,  and  frequency  of  alternation  in  every 
way  in  unison  with  the  movements  of  the  diaphragm,  and 
therefore  have  all  the  characteristics  corresponding  to  the 
relative  loudness,  pitch,  and  timbre  of  the  sound  that  caused 
the  diaphragm  to  vibrate. 

Passing  along  the  line  wire,  these  feeble  currents  alter- 
nately  strengthen   and  weaken  the  permanent   magnet   at 
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the  other  JDstruroent  and  cause  it  to  exert  a  varying  pull 
WHi  the  diaphragm,  which  thus  vibrates  in  unison  with 
■the  changes  in  current,  and  therefore  faithfully  reproduces 
!he  first  sound.  The  action  described  as  taking  place  in  the 
bstrumenl  spoken  to  is  that  of  a  transmitter,  and  that  in 
the  instrument  which  repeats  the  sound  is  that  of  a  receiver. 

86.     The  instrument  consisting  of  a  permanent  magnet. 

k  coil,  and  a  vibrating  iron  diaphragm  is  called  a  maeneto- 

vlephone.      Many   forms   of   this    instrument   have   been 

Bdevised,  hut  alt  contain   the  same  essential  parts,  though 

requently  these  parts  are  duplicated. 

36.  Sensitiveness. — As  a  receiver,  the  magneto-tele- 
'phune  is  marvelously  efficient  and  one  of  the  most  sensitive 
linsirunients  known  in  science.  Its  sensitiveness  depends 
.  great  deal  on  its  construction,  adjustment,  and  the  fre- 
iquency  of  the  current.  Houston  and  Kennelly  state  that 
rilh  an  ordinary  Bell  receiver  an  alternating-current  strength 
[of  lo^fliitftitd  ampere  caused  a  distinctly  audible  sound. 
r  this  determination,  an  alternating  current  of  640  periods 
a  secoRd,  which  was  determined  to  be  the  best  rate  for 
detecting  feeble  currents,  was  used. 

In  1S87,  W.   H.   Preece  determined  that  a  Bell  receiver 

Lvould  respond  to  a  current  of    i<>flajflo'uotot6fl    ampere,  or 

(gtx  ten-tbousand-millionths  of  a  milliampere.      Lodge  has 

lite  recently  stated  that  the  energy  required  to  work  his 

telephone,  which  is  aboiit  30  times  as  sensitive  as  an  ordi- 

■nary  one,  was  a  millionth  of  a  millionth  of  a  watt  for  giving 

n  audible  signal.     For  ordinary  transmission,  about  A"  railii- 

ItTnpere  is  necessary  in  an  ordinary  receiver. 

Aa  a  transmitter,  however,  the  magneto-telephone  has 
pot  proved  generally  successful,  as  the  amount  of  energy 
derived  from  the  sound  waves  is  so  extremely  small  that  the 
bconenls  generated  by  the  movements  of  the  diaphragm 
■soon  become  lost  when  transmitted  over  lines  of  consider- 
able leaglh. 

However,  the  magneto-instrument  used  as  a  transmitter 
generates  a  current  which  almost  perfectly  represents  the 
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sound  striking  its  diaphrag^m,  in  pitch  and  timbre,  thus  insur- 
ing remarkable  clearness  or  distinctness,  although  at  the 
sacrifice  of  loudness  in  the  reproduced  sounds.  Low  speech 
can  be  readily  understood  by  any  person  not  hard  of  hear- 
ing, if  it  is  only  distinct  or  clear.  Of  course  loudness  is  a 
very  desirable  feature,  especially  where  other  disturbing 
sounds  not  coming  from  the  telephone  receiver  are  present. 


THEORY    OP    MAGNETO-INSTRUMENTS 

37.  The  permanent-magnet  receiver  is  a  great  improve-  , 
ment  over  the  electromagnetic  instrument.  The  magnitude 
of  attraction  or  repulsion  between  the  core  and  the  dia- 
phragm depends  not  only  on  the  strength  of  the  varying 
current,  but  also  on  the  strength  of  the  permanent  magnet. 
The  stronger  this  magnet  is  the  better,  provided  that  the 
diaphragm  is  far  from  being  magnetically  saturated,  for  then 
a  given  change  in  the  current  would  have  less  effect  on  the 
diaphragm.  What  is  desired  is  to  produce  as  great  a  move- 
ment of  the  diaphragm  as  possible  by  a  given  variation  in 
the  current.  Now,  the  force  of  attraction  between  the  dia- 
phragm and  the  pole  varies  as  the  square  of  the  magnetic 
force  between  them.  If  H  is  the  steady  magnetic  force  due 
to  the  permanent  magnet  and  if  the  fluctuating  force  varies 
from  •\-  h  to  —  A,  then,  at  one  extreme  position,  the  force 
between  the  diaphragm  and  the  magnet  is  proportional  to 
(//-h  //)',  and  at  the  other  extreme  position  it  is  proportional 
to  {H  -  hY,  The  maximum  variation  in  the  force  is  then 
proportional  to  the  difference  between  these  two  values. 
(H-^  hY-dl-  hY  =  4jF/h.  Therefore,  the  variation  in 
the  force  is  proportional  to  the  quantity  4 /^A,  that  is,  to 
four  times  the  product  of  the  permanent  and  variable  mag- 
netic forces.  From  this  consideration  alone,  it  would  appear 
that  by  indefinitely  increasing  the  strength  of  the  permanent 
magnet,  the  force  of  attraction  and  repulsion,  and  therefore 
the  amount  of  motion  of  the  diaphragm  and  the  loudness  of 
the  sound,  could  be  indefinitely  increased.  But  as  the  dia- 
phragm approaches  magnetic  saturation,  there  will  be  a  loss 
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I  in.iieail  of  a  gain  by  increasing  the  strength  of  the  perma- 

[  netit  niagnet,  because  when  the  number  of  iines  of  force  is 

I  very  large,  causing  either  the  soft-iron  core  or  the  diaphragm 

I  or  both  to  be  magnetically  saturated,  a  variation  of  the  cur- 

I  rem  in  the  coil  will  alter  the  number  of  lines  of  force  through 

I  the  magTietic  circuit  by  an  imperceptible  amount.     Conse- 

I  quenlly,  the  force  exerted  between  the  diaphragm  and  the 

sod-iron  core  will  change  by  an  imperceptible  amount.     To 

prevent  saturation  of  the  diaphragm  is  one  reason  why  large, 

powerful  magnelo-instruments  require  larger  and,  especially. 

thicker  iron  diaphragms. 

Xi  no  pennanent  magnets  were  used  at  all,  then,  even  if  k. 
F  the  variable  force,  was  very  large,  a  very  inferior  instrument 
I  would  be  the  result.  It  would  probably  be  indistinct,  due 
[  to  rattling  of  the  diaphragm,  because  the  constant  tension 
I  on  the  diaphragm  produced  by  a  permanent  magnet  would 
I  be  absent.  Por  a  transmitter  using  powerful  magnets,  a 
I  comparatively  large  and  thick  diaphragm,  and  for  receivers 
I  a  ferrotype  or  ihin  iron,  have  proved  to  be  the  best. 

In  regard  to  the  motion  of  the  diaphragm,  the  original. 

F  Ktid  perhaps  natural,  idea  was  that  it  vibrated  in  nodes  and 

[-loops  only,  but  by  esperiment  it  has  been  shown  that  there 

I  a  swelling  in  and   out  at  the  center.     However,  it  does 

Loot   appear   conclusive  because   its  vibrations    in   and   out 

I  only  are  visible  and  measurable,  that  there  piay  not  at  the 

Fsame  time  be  some  imperceptible  node  and  loop  vibrations. 

Du   Moncel   thought   that  the  sound  was  originally  caused 

solely  by  the  Page  effect  (see  Art.  28),  and  that  this  effect 

was  then  strengthened  by  the  diaphragm.     This  explanation 

L  has  been  shown  to  be  insufficient,  although  instruments  have 

I  been  made  to  work,  but  very  feebly,  without  any  diaphragm. 

lUoIecular  changes  therefore  appear  to  play  some  part  in 

I  the  action. 

:  the  receiver  now  used,  the  shell  shields  the  diaphragm 
I  firom  extraneous  sounds,  and  the  very  thin  air  space  between 
^tfae  diaphragm  and  the  mouthpiece  avoids  disagreeable  reso- 
I  nacce  effects.  There  are  uo  aftertones  in  a  magneto-receiver; 
I'tbat  is,  the  diapBragm  does  not  tend  to.take  up  a  period  of 
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vibration  of  its  own,  and  so  continue  to  vibrate,  depending: 
on  its  natural  rate  of  damping  to  come  to  rest  after  its 
forced  vibrations  produced  by  the  variable  currents  in  a 
receiver  or  by  the  air  waves  in  a  transmitter  have  stopped. 
For  the  magnet  itself  is  a  damper,  because  if  the  diaphragm 
did  not  immediately  come  to  rest,  it  would  be  generating  by 
its  motion  either  a  current  in  the  coil  or  eddy  currents  in 
the  magnet  and  diaphragm,  which  currents  would  be  flowing 
in  such  a  direction  as  to  oppose  the  motion  producing  them, 
and  these  currents  would  also  require  the  expenditure  of 
energy  to  generate  them;  but  there  is  no  external  source  of 
energy  to  keep  the  diaphragm  vibrating,  and  therefore  it 
must  come  to  rest  instantly. 

To  attain  the  best  results,  there  is  a  best  strength  for  the 
permanent  magnet;    a  soft-iron  core,  only  long  enough  to 

pass  through  the  coil,  should  be  fastened  to  the  permanent 

« 

magnet,  and  the  coil  should  be  located  on  this  core  where 
the  change  in  the  number  of  lines  of  force  at  right  angles 
to  the  winding  is  greatest.  Neither  the  soft-iron  core  nor 
diaphragm  should  be  nearly  magnetically  saturated,  and 
there  is  a  best  diameter  and  thickness  of  the  diaphragm  for 
a  given  strength  of  the  permanent  magnet.  Five  thousand 
periods  per  second  produces  about  the  highest  tone  to  which 
an  ordinary  receiver  will  respond. 


BATTERY  TRANSMITTERS 

38.  While  the  magneto-telephone  is  capable  of  trans- 
mitting speech  with  great  distinctness,  preserving  with 
great  accuracy  the  quality  of  the  tone,  it  is  not  well  adapted 
for  a  commercial  transmitter,  its  action  being  so  feeble  as  to 
render  transmission  over  long  distances  very  difl&cult.  To 
overcome  this  difficulty,  a  class  of  instruments  depending  on 
an  entirely  different  mode  of  operation  was  devised.  These 
instruments,  instead  of  causing  the  transmitter  to  act  as  a 
generator  of  electricity,  served  to  produce  variations  in  the 
strength  of  a  current  already  supplied  by  some  other  source. 
The  battery  trun«inittcr  may  therefore  be  said  to  act  as 
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a  valve  in  the  circuit,  the  valve  itself  requiring  but  little 
energy  to  operate  it,  but  capable  of  controlling  a  far  greater 
amount  of  energy  flowing  from  the  battery. 


GRAY'S    WATER    TRANSMITTER 

39,  The  first  battery  instrument  was  devised  by  Elisha 
Gray  and  formed  a  part  of  his  early  telephone.  This  is 
shown  in  Fig.  18,  in  which  D  is  a.  vibrating  diaphragm, 
carrying  at  its  center  a  needle  pointy  of  platinum,  immersed 
in  a  fluid  of  rather  low  conductivity,  such  as  slightly  acid- 
ulated water.  The  other  terminal  of  the  transmitter  is 
formed  by  a  similar  needle  g  projecting  into  the  fluid  from 
below.  Vibrations  of  the  diaphragm  cause  the  needle  p  to 
vary  the  length,  and  therefore  the  resistance,  of  the  path 
from  one  point  to  the  other  through  the  liquid.  The  varia- 
tions in  resistance  thus  brought  about  by  the  vibrations  of 
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the  diaphragm  cause  corresponding  variations  in  the  cur- 
rent from  the  battery  B  connected  in  the  circuit,  which 
variations  are  then  capable  of  acting  on  the  receiver  con- 
nected with  the  wires  IVy  IV,  in  precisely  the  same  manner 
as  has  been  described.  The  results  obtained  from  the 
water  transmitter  were  scarcely  better  than  those  from  the 
magneto-transmitter,  and  it  had  obvious  disadvantages  due 
to  the  necessary  presence  of  a  liquid,  and  therefore  never 
came  into  commercial  use.  It  was,  however,  the  first  trans- 
mitter constructed  embodying  the  idea  of  causing  the  vibra- 
tions of  the  diaphragm  to  vary  the  strength  of  the  current 
by  changing  the  resistance  of  the  circuit  in  which  it  was  flow- 
ing. It  was  not  long  before  a  far  better  way  was  found  of 
producing  this  variation  in  resistance,  and  this  was  by  the 
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vibration  of  the  diaphragm  to  produce  a  variation  in  pressure 
between  two  electrodes  or  terminals  in  constant  contact,  the 
variation  in  pressure  effecting  a  corresponding  change  in  the 
resistance  at  the  contact  surfaces,  and  therefore  a  change  in 
the  total  resistance  of  the  circuit. 


^ 
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BERL.INER*8    TRANSMITTER 

40.     A  patent,  covering  broadly  this  form  of  transmitter, 
has  been  granted  to  Emile  Berliner,  who  produced  the  appa- 
ratus in  1877,  but  did  not  obtain  his  patent  until  1894.     Ber- 
liner's transmitter  is  illustrated, 
in  principle,  in  Fig.  19,  in  which  D  is 
a  diaphragm  of  ordinary  tinned  iron 
resting  against  a  ball  E  carried  on 
a   thumbscrew.     This   thumbscrew 
is  mounted  in  a  bracket  C  in  such 
a  manner  as  to  afford  a  means  for 
adjusting  the  pressure  between  the 
J.  diaphragm  and  the  ball.    Variations 

r^^JBWESB^ in  pressure  between  the  diaphragm 

\ — I and    the  ball  cause   corresponding 

GIj  variations  in   resistance,   and   thus 

produce  similar  fluctuations  in  the 
current  strength.  In  Berliner's 
first  transmitter,  the  diaphragm  was 
about  4  inches  in  diameter,  of  ordi- 
nary tinned  iron  and  mounted  very 
roughly  over  an  opening  in  a  wooden  box.  The  back  con- 
tact consisted  simply  of  a  blued-iron  woodscrew.  There  has 
been  much  discussion  as  to  whether  or  not  this  instrument 
ever  actually  transmitted  speech,  but  it  is  certain  that  it  was 
not  a  transmitter  suitable  for  practical  use. 
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EDISON'S    CARBON    TRANSMITTER 

41.  Soon  after  the  production  of  Berliner's  instrument, 
it  was  found  by  Edison,  as  a  result  of  experiments  with 
various  semiconductors,  that  carbon  was  by  far  the  most 
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nitable  material  for  the  electrodes  of  such  a  transmitter. 

kie  form  of  BiIIsod's  trausmttter  is  shown  in  Fig.  20;  in 

■faich  O  is  the  vibrating  diaphrag^m,  against  which  presses  a 

mall  button  A"  of  ivory,  having  attached  to  its  rear  face  a 

[bin   platinum   disk  A.     In  the  rear  of   the  casing   of   the 

bistrument  is  an   adjustment  screw  /i   having   an  enlarged 

.  which  carries  on  its  front  sur- 

ice  another  thin  disk  of  platinum   /. 

between   these   two  disks  is  placed  a 

lyliiidrical    button    g    of    compressed 

[impblaclc.      The   two   platinum    disks 

wm  the  electrodes  of  the  transmitter. 

tod  it  is  evident  that  the  vibrations  of 

*  diaphragm   are   transmitted  to  the 

lint  platinum  disk,  thus  causing  it  to 

I  varying  pressure  on  the  button 

k>f  lampblack  between  it  and  the  disk  /. 

These    variations    in    pressure    cause 

corresponding  variations  in  resistance, 

^^Hid  therefore,  according  to  Ohm's  law.  F^n  20 

^■transform  the  steady  current  that  would  be  flowing  when  the 

^^Bansmitter   is   not    in    motion    into    an   undulating   current- 

^^Bnuismitters  of  this  type  produce  undulating  currents  and  not 

^Hnternatitig  currents,  such  as  produced  by  the  Bell  magneto- 

^^bstiDincnt  when  used  as  a  transmitter.     An  undulating  cur- 

^^Emt  may  be  defined  as  a  current  whose  strength  fluctuates, 

■     but  whatever  may  be  the  strength  of  the  current,  it  always 

flows  in  the  same  direction  through  the  circuit. 


42.  EIoclrodCH  i»  Loosp  Contact,— Up  to  this  lime, 
best  conditions  for  producing  changes  in  resistance 
I  two  electrodes  by  varying  the  pressure  between 
I  had  not  been  realized.  Prof.  David  E.  Hughes,  in 
1.  by  a  long  and  interesting  series  of  experiments,  proved 
[  the  resistance  of  two  conductors  in  loose  contact  with 
I  other  was  far  more  susceptible  to  changes  in  pressure 
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one  of  his  experiments  consi 


than  if  they  were  pressed  firmly  together.     He  found  that 
these  laws  held  for  any  conducting  material  whatever,  and 
s  of  his  experiments  consisted  in  producing  a  transmitter 
made    from    three    wire    nails 
arranged  as  shown  in  Fig.  21. 
In  this,  the  nails  A  and  B  form 
the    terminals    of    the    circuit, 
which  includes  a  battery  and  a 
receiving  telephone,  the  circuit 
between  these  two  nails  being 
completed  by  nail  C  laid  loosely 
""■"  across  the  other  two.     Any  vi- 

brations in  the  air  caused  corresponding  vibrations  of  the 
nails,  and  thus  produced  variations  in  resistance  at  the  sur- 
faces where  Ccame  in  contact  with  B  and  A. 

43.  HDghes^s  Microphone. — In  Pig.  22  is  shown 
another  transmitter  produced  by  Hughes,  and  called  by  him 
the  microphone,  because  he  considered  that  it  accomplished 
in  acoustics  what  the  microscope  did  in  optics.  It  consists 
of  two  carbon  blocks  b,  b  mounted  on  a  diaphragm  d  of  thin, 
dry  wood.  Supported  in 
recesses  on  the  upper  and 
lower  sides,  respectively, 
of  the  two  blocks  i,b  is  a 
small  carbon  pencil/.  The 
two  blocks  b,  b  formed  the 
terminals  of  the  circuit  ^|i 
in  the  same  manner  as  did 
the  two  nails  in  Fig.  21, 
the  circuit  between  them 
being    completed   by   the  fio-h 

carbon  pencil.  Any  vibrations  of  the  diaphragm  caused  by 
sound  waves  produced  changes  in  the  resistance  at  the  con- 
tact surfaces  between  the  terminals  of  the  transmitter,  and 
corresponding  changes  in  the  current  flowing  through  the 
circuit.  This  instrument  proved  so  marvelously  sensitive  as 
to  merit  the  name  given  it  by  its  inventor.     Small  sounds. 
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ndi  as  a  faint  scratching  on  the  diaphragm  or  or  the  sup- 
tort  oa  which  it  rested,  so  faint  as  to  be  entirely  inaudible, 
{'produced  loiid  noises  in  the  receiver.  So  delicate  was  this 
■'Instrument,  however,  that  it  proved  unsuitable  for  ordinary 
I'telephone  transmission.  Noises  of  moderate  loudness  pro- 
I  duced  such  an  uproar  in  the  receiver  as  to  entirely  destroy 
I  the  original  quality  of  the  sound.  This  is  largely  due  to  the 
I  fact  that  a  violent  vibration  between  the  electrodes  causes 
I  the  circuit  to  break  entirely  at  limes.  This  defect,  however, 
fbas  been  remedied  in  a  number  of  ways,  as  will  be  seen  later. 


nUNNINO'S    TRANBMITTER 

44.     Granular    Carbon    Transmitter. — Still    another 
1  Step  in  the  development  of  the  battery  transmitter  was  made 
I  by  Hem7  Huuning  in  18S1.    He  introduced  the  idea  of  using 
granulated  material,  preferably  carbon,  in  a  loose  state,  as 
the  variable  resistance  medium  of  transmitters,  and  all  the 
so-called  long-distance   instru- 
ments now  employ  this  feature. 
LHuttning's  original  device  was 
Erery  similar  to  that  shown  in 
'Fig.23.     Clamped  between  the 
wooden  block  B  and  the  mouth- 
piece .7,  which  may  also  be  of 
wood  or  of  hard  rubber,  is 

^thin  diaphragm  D  of  son 
Clastic  non-corrosive  conduct- 
ing material.  Running  used  a 
platinam  diaphragm,  but  this, 
on  account  of  its  high  cost,  has 
generally  been  superseded  in  a  fig  is 

targe  class  of  instruments  by  a  diaphragm  of  thin  carbon  or 
other  material.  Within  the  chamber  behind  the  diaphragm 
is  mounted  a  block  of  carbon  C,  and  the  space  between  this 
and  the  diaphragm  is  filled,  or  partly  tilled,  with  granulated 
carbon,  resembling  in  appearance  ordinary  gunpowder. 
PiDCly  pulverized  carbon  was  at  first  used,  but  this  packed 
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so  easily  that  it  was  soon  superseded  by  the  granulated 
carbon.  The  two  binding  posts  Ey  F  are  connected,  respect* 
ively,  with  the  diaphragm  and  with  the  carbon  block,  the 
circuit  between  them  being  completed  by  the  carbon 
granules.  In  this,  we  have  a  large  number  of  loose  contacts 
between  the  granules  and  the  diaphragm,  between  the 
granules  and  the  back  block,  and  also  between  the  granules 
themselves.  The  sound  waves  entering  the  mouthpiece  pro- 
duce vibrations  of  the  diaphragm,  which  vary  the  pressure  at 
the  multitude  of  loose  contacts,  and  thus  vary  the  resistance 
of  the  circuit.  

THEORY    OF    MICROPHONE    TRANSMITTER 

45.  The  action  of  the  microphone  transmitter  has 
been,  and  still  is,  the  subject  of  much  discussion  by  scientists. 
Four  explanations  have  been  advanced  as  to  why  a  change 
in  the  pressure  between  two  electrodes  of  carbon  or  of  other 
material  produces  the  wonderfully  sensitive  effects  on  the 
resistance  through  the  point  of  contact. 

46.  Changes  in  Actual  Resistance  of  Carbon. — The 

first  of  these  theories  is  based  on  the  supposition  that 
carbon  in  itself  has  the  property  of  changing  its  resistance 
when  subjected  to  pressure,  the  resistance  becoming  lower 
as  the  pressure  is  increased.  It  was  on  this  supposition 
that  the  early  transmitters  of  Edison,  using  carbon  as  the 
variable  resistance  medium,  were  constructed.  It  has  been 
proved,  however,  that  the  resistance  through  a  rod  of  carbon 
is  not  changed  perceptibly  by  increasing  the  pressure  up  to 
the  crushing  point  of  the  carbon. 

47.  Occluded-Air  Theory. — The  second  theory  js  one 
set  forth  by  Mr.  Berliner.  It  is  that  the  surfaces  of  the 
electrodes  are  held  slightly  apart  by  a  thin  film  of  air  that 
collects  over  the  entire  surface  of  the  electrodes  and  there- 
fore prevents  actual  contact  between  them. 

In  order  to  accept  this  theory,  we  must  believe  that  the 
air  that  is  occluded  on  the  surface  of  the  electrodes  pos- 
sesses different  characteristics  from  the  air  with  which  we 
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are  generally  acquainted.  A  layer  of  air  in  its  ordinary 
state,  as  thin  as  physical  means  can  produce,  will  have  a 
very  larg:e  resistance,  and  as  the  resistance  of  a  microphone 
contact  is  not  large,  it  follows  that  this  ground  is  not  ten- 
able. If,  however,  the  air  is  in  some  different  state,  it 
may  be  that  it  possesses  conducting  properties  to  some 
degree.  Under  this  view,  Berliner's  theory  does  not  seem 
altogether  improbable,  and  the  possibility  that  air  might, 
under  certain  conditions,  possess  these  properties  is  not 
denied  by  prominent  physicists.  Were  it  the  case,  how- 
ever, that  the  electrodes  were  thus  held  apart  by  a  film  of 
air,  the  conditions  would  be  similar  to  that  of  two  con- 
ducting bodies  immersed  in  a  conducting  fiuid.     It  is  found 
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by  experiment  that  the  resistance  between  two  such  bodies 
is  unaffected  by  the  distance  between  the  bodies,  provided 
that  they  are  of  small  size  in  comparison  to  the  cross- 
section  of  the  liquid.  If,  therefore,  a  curve  is  plotted  as 
shown  in  Fig.  24,  representing  the  distance  between  the 
bodies  on  the  horizontal  line  X  and  the  corresponding  resist- 
ances between  them  on  the  vertical  line  F,  it  will  assume 
the  form  shown  at  A,  the  resistance  gradually  increasing 
as  the  two  bodies  are  separated,  but  soon  becoming  a  con- 
stant, regardless  of  the  distance  between  them.  This  latter 
condition  is  shown  by  the  flat  portion  of  the  curve.  If  the 
conducting  bodies  were  flat  plates  and  the  distance  between 
them  very  slight  as  compared  with  their  diameters,  the  curve 
might  assume  the  form  of  a  straight  line,  as  shown  at  B 
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in  Fig.  24.     In  this  case,  the  resistance  would  vary  directly 
as  the  distance  between  the  plates  increased. 

The  actual  behavior  of  the  resistance  of  the  microphone 
contact  determined  experimentally  shows  that  the  curve 
is  always  of  the  general  form  shown  in  Fig.  26.  This 
curve  shows  the  relation  between  the  increase  in  distance 
through  which  the  electrodes  move  and  the  corresponding 
increase  in  resistance.  It  is  seen  that  this  curve  is  of  the 
opposite  nature  from  that  which  we  would  expect  were 
Mr.  Berliner's  theory  of  occluded  air  true.  It  therefore 
seems  probable  that  this  is  not  the  correct  theory  of  the 
microphone. 

48.  Heating:  Effect  at  Contact. — The  third  theory  is 
that  the  heating  effect,  due  to  the  passage  of  a  current  through 
the  point  of  contact,  in  some  way  aids  the  microphonic  action. 
It  has  been  shown,  by  examination  of  the  microphone  con- 
tact under  a  microscope,  that  small  arcs  were  present  at  the 
point  of  contact.  It  is  not  clear,  however,  how  these  arcs  or 
how  the  heating  effect  without  the  arcs  would  prove  other- 
wise than  detrimental  to  good  transmission. 

Some  hold  that  an  increase  in  current,  due  to  a  decrease 
in  resistance  brought  about  by  an  increase  in  pressure, 
would  cause  the  particles  at  the  point  of  contact  to  become 
hot,  and  thus  further  reduce  the  resistance.  It  is  true  that 
carbon  possesses  the  peculiar  property  of  lowering  its  resist- 
ance when  heated,  and  it  is  also  undoubtedly  true  that  such 
an  action  would  take  place  were  the  electrodes  allowed  to 
remain  in  one  position  long  enough.  It  is  well  established, 
however,  that  the  rise  in  temperature  following  an  increase' 
of  current  is  a  comparatively  slow  process,  and  it  is  there- 
fore not  probable  that  the  decrease  in  resistance  due  to  the 
increase  in  temperature  would  take  place  in  time  for  it  to  be 
of  any  particular  advantage.  On  the  other  hand,  it  would 
seem  that  if  this  action  takes  place  to  any  appreciable 
extent,  it  would  prove  detrimental  to  transmission,  because 
the  changes  in  resistance  due  to  the  changes  in  temperature 
would  lag  to  an  appreciable  extent  behind  the  changes  in 
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pressure.     This  would  of  course  tend  to  destroy  the  form  of 
.the  wave  and  therefore  produce  changes  in  the  timbre  or 
[nality  of  the  voice  at  the  receiving  station. 

49.  Theory  of  Surface  Contact. — The  fourth  theory 
i  that  the  changes  in  resistance  brought  about  by  changes 
pressure  between  the  microphone  contacts  are  due  to 
jigcs  in  the  actual  area  of  the  contact.  The  fact  that 
HIDch  changes  in  the  area  of  the  surface  contact  do  take  place 
may  be  well  illustrated  by  pressing  a  white  billiard  ball,  or 
^similar  body,  lightly  against  a  marble  slab  previously  given 
a  thin  coating  of  graphite.  On  removing  the  ball,  the  area 
of  contact  will  be  represented  by  a  small-sized  dot  of  graph- 
^ile  on  it.  If,  now,  the  ball  is  dropped  from  a  considerable 
feeight  on  the  slab  and  caught  in  the  hand  as  it  bounds 
njiwards,  it  will  he  found  that  the  spot  of  graphite  resulting 
^om  the  contact  will  cover  quite  a  large  area,  thus  showing 
3iitt  under  the  increase  of  pressure  the  surface  of  the  ball 
;  flattened  and  the  surface  of  the  marble  slab  indented  to 
buch  an  extent  as  to  bring  a  considerable  area  of  the  surfaces 
pf  the  two  into  contact.  It  is  clear  that  if  the  two  bodies 
irere  of  conducting  material,  the  resistance  at  the  point  of 
sootact  would  vary  in  proportion  to  the  area  of  contact. 
\  That  such  an  action  as  this  actually  takes  place  in  a  micro- 
lone  contact  cannot  for  a  moment  be  doubted,  for  it  is  well 
1  that  carbon  and  other  materials  suitable  for  such  con- 
tacts possess  a  rather  high  degree  of  elasticity,  and  it  is 
certain  that  they  are  subjected  by  the  vibrations  of  the  dia- 
jifaraem  'o  ^  varying  pressure.  The  form  of  the  curve  in 
pig.  2S  corresponds  exactly  to  what  would  be  expected  from 
Iheoretlcal  conditions  alone,  were  all  the  variation  in  resist- 
ince  due  to  increasing  pressure  brought  about  by  the 
increase  in  surface  contact.  The  matter  has  been  studied 
irehilly,  and  in  the  case  of  steel  bicycle  balls  immersed  in 
^1  to  prevent  the  occlusion  of  air  on  their  surface,  curves 
Mrrespanding  to  that  of  Fig.  2>5  have  been  found  to 
iorrectly  represent  the  changes  in  resistances  due  to  vary- 
h{  pressure. 
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50.  The  opinion  is  now  held  by  many  leading  telepho- 
nists that  the  action  of  the  microphone  is  due  almost  entirely 
to  changes  m  surface  contact,  and  that  while  some  of  the 
actions  set  forth  in  the  other  theories  may  be  present  to 
some  extent,  they  do  not  in  any  perceptible  manner  modify 
the  general  result.  In  the  case  of  rough  electrodes,  the 
action  might  be  considered  to  be  brought  about  by  changes 
in  the  number  of  points  of  contact,  but  this  would  clearly  be 
only  another  way  of  affecting  the  area  of  contact. 

This  theory  is  a  perfectly  satisfactory  one,  in  that  it  is  in 
accordance  with  all  the  experimentally  determined  facts  con- 
cerning the  action  of  the  microphone.  Apparently  the  chief 
reason  for  searching  for  more  complex  theories  has  been 
that  our  minds  are  loth  to  attribute  such  marvelously  delicate 
results  to  such  a  very  simple  cause. 

51.  It  has  been  shown  by  Professor  Fessenden  that  the 
oxide  formed  by  a  substance  to  be  used  for  a  contact  in  a 
microphone  transmitter  must  be  a  gas  or  else  a  conductor, 
if  satisfactory  and  coherent  results  are  to  be  obtained  in 
use.  This  limits  us  to  the  use  of  the  following  materials: 
Carbon,  osmium,  lead,  lead  sulphide,  manganese,  and  possibly 
impure  sulphur.  If,  however,  the  materials  are  kept  in  an 
enclosure,  then  some  gas,  such  as  chlorine,  may  be  used 
instead  of  air,  and  all  substances  forming  gaseous  chlorides 
may  be  used.  No  substance  is  equal  to  carbon,  mainly 
because  carbon  is  so  much  more  elastic  that  the  small 
prominences  which  make  the  contact  can  stand  so  much 
distortion  before  breaking. 

If  a  metal  is  desirable  as  one  electrode,  platinum  or  gold 
is  by  far  the  best,  because  neither  corrodes  under  ordinary 
conditions. 

52.  Peculiar  Adaptablltty  of  Carbon. — The  fact  that 
carbon  possesses  the  property  of  lowering  its  resistance 
when  heated,  and  probably  without  affecting  the  actual 
microphonic  action,  is  of  great  advantage  in  reducing  the 
resistance  of  the  transmitter  as  a  whole  while  it  is  heated  by 
the  passage  of  currents.  .  As  the  transmitter  becomes  hot, 
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due  to  the  flow  of  a  heavy  current  through  it,  its  resistance 
is  lowered  instead  of  raised,  as  would  be  the  case  were 
almost  any  metal  used;  and  this  is  advantageous,  in  that  it 
reduces  the  total  resistance  of  the  local  circuit  and  thereby 
allows  a  greater  current  to  flow. 


THE  INDUCTION  COIIi  IN  TEIiEPHONY 

53,  RevleTv  of  Microphonic  Action. — In  order  to 
more  readily  comprehend  another  development  that  was 
made  at  an  early  date,  the  action  of  a  variable  re'sistance 
transmitter  when  placed  in  circuit  with  a  receiver  will  be 
reviewed,  reference  being  made  to  Fig.  26.  In  this  figure, 
a  carbon  button  B  is  mounted  on  a  flexible  diaphragm  D 
supported  at  its  edges  in  a  stationary  ring  AA\  as  shown. 
Against  the  button  B  rests  a  similar  button  C,  also  of  car- 
bon, carried  on  the  spring  5.    The  diaphragm  and  spring 
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Pig.  26 

form  the  terminals  of  a  circuit  including  the  receiver  R  and 
a  battery  B'.  While  the  instrument  is  at  rest,  a  steady 
corrent  flows  through  the  circuit,  of  which  the  two  carbon 
buttons  and  the  coil  of  the  receiver  form  a  part.  If  the 
diaphragm  is  caused  to  vibrate  in  the  slightest  degree,  a 
variation  in  pressure  at  the  point  of  contact  between  the 
buttons  will  take  place,  which  will  cause  a  corresponding 
variation  in  the  area  and  therefore  in  the  resistance  of  the 
contact.     This  in  turn  produces  fluctuations  in  the  strength 
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of  the  current,  which  travel  along  the  line  wire  and  act  on 
the  diaphragm  of  the  receiver.  Sounds,  such  as  spoken 
words,  uttered  against  the  diaphragm  D  will  cause  it  to  vary 
the  pressure  between  the  buttons  in  such  a  manner  as  to  pro- 
duce fluctuations  in  the  current  flowing  in  the  circuit  from 
the  battery  B\  which  fluctuations  will  be  in  exact  unison 
with  the  sound  waves,  and  will  therefore  cause  the  diaphragm 
of  the  receiver  to  vibrate  in  unison  with  that  of  the  trans- 
mitter. The  battery  transmitter  therefore  serves,  not  as  a 
generator  of  electricity,  as  in  the  case  of  the  magneto- 
transmitter,  but  as  a  valve  to  control  the  flow  of  current 
from  another  source,  that  is,  from  the  battery  B'. 

54.  Transmitter  in  Ijtno  Circuit. — Where  a  trans- 
mitter is  included  directly  in  the  circuit  with  a  line  wire,  as 
shown  in  Fig.  26,  it  is  obvious  that  if  the  line  is  long  and 
the  resistance  of  its  circuit  comparatively  high,  a  small 
fluctuation  in  the  resistance  of  the  transmitter  will  produce 
but  a  slight  change  in  the  total  resistance  of  the  circuit,  and 
therefore  will  affect  the  flow  of  current  in  the  circuit  to  but  a 
slight  degree.  It  is  exceedingly  important  that  the  variable 
resistance  in  all  microphone  transmitters  should  be  large 
compared  to  the  total  resistance  of  the  same  circuit,  so  that 
the  fluctuations  in  the  current  shall  be  large. 

To  illustrate,  suppose  the  resistance  of  the  entire  circuit 
to  be  1,000  ohms,  and  that  the  transmitter  is  capable  of  pro- 
ducing a  change  in  this  resistance  of  1  ohm;  the  transmitter 
will  therefore  be  capable  of  producing  a  change  in  the  total 
resistance  of  the  circuit  of  one  one-thousandth  of  its  original 
value,  and  as  a  result  the  current  flowing  in  the  circuit  will 
be  changed  by  an  amount  equal  to  one  one-thousandth  of  its 
normal  value. 

55.  Transmitter  In  Local  Circuit. — It  is  evident  that 
a  high  resistance  in  a  circuit  where  this  arrangement  is  used 
is  detrimental  to  powerful  transmission  in  two  ways:  in  the 
first  place,  the  high  resistance  will  render  the  normal  current 
flowing  from  a  given  source  comparatively  small,  and  in  the 
second  place,  the  small  ratio  that  the  changes  in  resistance 
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brought  about  by  the  transmitter  bears  to  the  total  resist- 
SDce  of  the  circuit  will  render  the  fluctuations  in  this  already 
small  current  very  slight.  In  order  to  remedy  this  defect,  it 
has  become  common  practice  to  place  the  transmitter  and 

I  battery  in  a  local  circuit  containing  also  the  primary  winding 
[of  a  small  induction  coil.  This  is  necessary  in  order  that  ihe 
frcsistaoce  external  to  the  variable  contact  resistance  of  the 
microphone  should  be  small.  Thi&  applies  to  the  internal 
resistance  of  the  battery,  to  all  connecting  wires,  joints,  and 
[he  primary  winding  of  the  induction  coil.  The  secondary 
windine  of  this  coil  is  placed  directly  in  the  circuit  of  the 
fine  wire  with  the  receiving  instrument,  the  arrangement  of 

■circuits  being  as  shown  in  Fig.  27,  in  which  T  is  the  trans- 
Hitter;  B.  the  battery;  P,  the  primary  winding  of  the  indue- 
1  coil;  5",  the  secondary  winding;  and  R,  the  receiving 
instminent  at   the  distant  station.     The  resistance  of   the 
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>cal  circuit  in  this  case  is  usually  made  very  low,  less  than 
J  ohms,  but  we  will  say,  for  convenience,  thai  it  is  10  ohms, 
[if  the  same  transmitter,  as  in  the  preceding  case,  is  used  in 
i  circuit,  it  will  still  be  able  to  produce  a  change  in  the 
resistance  of  1  ohm.  and  this  change  will  bring  about  a 
change  in  the  total  resistance  of  the  circuit  of  one-tenth  of 
its  normal  value;  from  which  it  follows  that  the  total  change 
,  in  Ihe  current  value  in  the  transmitter  circuit  will  be  one- 
|lenth  of  its  normal  amount,  or  100  times  as  great  as  in  the 
z  where  the  transmitter  was  included  directly  in  the  line 
e.  Not  only  will  the  change  in  current  bear  a  far  greater 
caljo  to  the  normal  current  flowing,  but  the  normal  current 
l«elf  will  with  the  same  battery  power  be  100  times  as  large, 
^caa5e  the  resistance  of  the  circuit  is  but  one  one-hundredth 
I  the'value  assumed  in  the  previous  case. 

It  may  at  first  sight  appear  that  the  larger  the  primary 
lurrent,  the  better  would  be  the  results  at  the  receiver. 


42  PRINCIPLES  OF  TELEPHONY  §1 

But  it  is  necessary  to  remember  that  owing  to  the  heating 
effect  of  the  current  at  the  contact  points  of  the  microphone, 
there  is  a  best  normal  current,  probably  different  for  each 
kind  of  transmitter,  above  which  it  is  not  safe  to  increase  the 
current.  Thus,  it  is  quite  easy,  by  using  too  strong  a  cur- 
rent in  the  transmitter  circuit,  to  so  heat  the  contact  that  its 
speaking  qualities  are  impaired,  if  not  destroyed  altogether. 

56.  Act  ton  Between  Primary  and  Secondary 
Coils. — The  primary  winding  of  telephone  induction  coils 
is  usually  composed  of  a  small  number  of  turns  of  compara- 
tively coarse  wire  wrapped  around  a  bundle  of  soft-iron  wires 
forming  a  core.  The  secondary  winding  is  composed  of  a 
large  number  of  turns  of  very  fine  wire,  and  is  usually 
wrapped  outside  of  the  primary  winding,  therefore  sur- 
rounding it  and  the  core  also.  Whatever  lines  of  force  are 
set  up  in  the  core  of  the  coil  by  the  current  flowing  in  the 
primary  winding  will  pass  also  through  the  convolutions  of 
the  secondary  winding.  The  fluctuations  in  the  current  in 
the  local  circuit  of  Fig.  27  will  cause  corresponding  fluctua- 
tions in  the  number  of  lines  of  force  set  up  by  the  current 
in  the  core  of  the  induction  coil.  As  these  lines  also  pass 
through  the  secondary  winding  of  the  coil,  it  follows  that, 
by  the  laws  of  electromagnetic  induction,  currents  will  be 
induced  in  this  secondary  winding  that  will  correspond  to 
the  changes  in  the  number  of  lines  of  force  passing  through 
the  coils,  and  therefore  to  the  changes  in  current  strength 
in  the  primary.  The  current  in  the  primary  or  local  circuit 
is  undulating,  but  not  alternating;  it  never  changes  its 
direction.  The  current  in  the  secondary,  however,  is  alter- 
nating in  character,  flowing  first  in  one  direction  and  then 
in  the  other.  This  fact  is  usually  somewhat  puzzling  to  the 
student,  but  its  explanation  is  very  simple.  When  the  cur- 
rent in  the  primary  winding  increases,  due  to  a  decrease  in 
the  resistance  of  the  transmitter,  the  number  of  lines  of 
force  through  the  core  of  the  induction  coil  increases. 
When  the  current  in  the  primary  decreases,  the  number  of 
lines  of  force  in  the  core  also  decreases. 
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It  is  a  well-known  fact  that  tlie  direction  of  an  induced 

^rrent    fti  a  coil  depends  on  whether   the   lines  of   force 

Ithroagh  that  coil  are  increasing  or  decreasing  in  number, 

■  provided  of  course  that  the  lines  continue  in  the  same  direc- 

itioa.     In  the  induction  coil,  as  shown  in  Pig.  27,  the  lines 

(of  force  remain  in  the  same  direction,  because  the  current 

jtrodocing  ihem  does  not  change  its  direction;  but  they  are 

ftallemately  increasing  and  decreasing  in  number,  and  there- 

Ijore  the  induced  current  in  the  secondary  must  flow  in  one 

■■direction  as  long  as  the  lines  of  force  are  increasing,  and 

Lthcn  in  the  other  as  long  as  they  are  decreasing  in  number. 

Telephone  systems  having  the  transmitters  directly  in  the 

lline  circuit  and  supplied  with  current  from   some  centrally 

>C3lcd  common  battery  are  now  in  successful  operation,  but 

1  such  cases  the  transmitters  are  made  to  have  a  very  much 

bigher  resistance  than  where  they  are  connected  tn  a  local 

mary  circuit.  

INSTRir.MENT8  DEPENDING  ON  CAPACITY 

67*     CoDdenser    Instruments. — There    is    one    other 

type  of  instrument,  which  may  be  used  both  as  a  receiver 

and  as  a  transmitter,  that  should  be  mentioned.     It  is  well 

known  that  the  electrostatic  capacity  of  a  simple  plate  con- 

jdensAF  may  be  made  to  vary  by  varying  the  distance  between 

e  plates.     Consequently,  if  a  plate  condenser  be  connected 

1  series  with  a  battery  and  the  distance  between  the  plates 

J  made  lo  vary  in  unison  with   the  sound  vibrations,   by 

(fixing  one  plate  and  talking  against  the  other,  its  eleclro- 

Btalic  capacity  will  vary,  and  consequently  the  charge  will 

vvarr,  causing  a  current  varying  in   unison  with  the  sound 

Uraves  to  flow   in  and  out  of  the  condenser.     Evidently,  if 

■the  variations  in  the  charge  are  large  enough  and  a  proper 

Tcceiver  be  connected  tn  the  same  circuit,  it  will  give  out  the 

original  sounds. 

A  condenser  instrument  may  serve  as  a  transmitter  or 

Doibear  invented  a  condenser  receiver  consisting 

lof  two  thin  metal  disks  set  very  close   loi?ether,  but  not 

ling,  of  course.     If  these  two  plates  are  connected  to 
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aa  '.r^aarr  mxropbone  transniitter.  the  dur^^s  on  tbe 
VJOtsesitKT  plaice  via  rarr,  since  tbe  potential  at  tbe  plates 
vd  re?  as  tbe  resistance  in  tbe  microphooe  Taiics.  TbJs 
vicjaszex.  is  tbe  charees  will  cause  a  variatioo  in  tbe  force 
'A  isractioo  between  tbe  plates,  because  tber  bave  on 
-z^rz.  rwo  Tahabie  cfaarees  of  opposite  polarity,  and  tbere- 
f/',T%  '^  plates  will  vibrate  in  onison  witb  tbe  original  sooad 
WITH,  This  receiver  has  not  proved  snccessfnl,  bowever, 
because  it  requires  a  very  power- 
ful microphone  transmitter  and 
induction  coil,  and.  further- 
more, it  is  necessaiT  to  cut  out 
the  high  resistance  of  tbe  sec- 
ondary coil  at  the  receivins  end 
in  order  to  have  the  sotmds 
reproduced  witb  sufficient 
intensity. 

In  1877,  Edison  developed  a 
condenser  transmitter  that 
would  work,  but  it  required  a 
very  powerful  electromotive 
force  and  consequently  a  large 
number  of  cells  to  operate  it  successfully.  One  form  made 
by  Kdison  was  composed  of  very  thin  plates  separated  by 
paraffin  paper,  having  a  mica  diaphragm  with  a  cork  button 
tfctween  it  and  the  condenser,  as  shown  in  Fig.  28.  When 
the  diaphragm  is  set  in  vibration,  the  plates  are  pressed 
together  more  or  less;  thus,  the  distance  between  them 
varies,  and  this  changes  their  electrostatic  capacity. 


TnBEE    CI.A88ES    OF    TRANSMITTERS 

58.  There  are,  as  we  have  seen,  three  kinds  of  varia- 
tions  that  may  be  used  to  produce  an  undulating  or  an 
alternating  current  for  the  transmission  of  speech: 

1.  Variation  of  the  magnetic  reluctance  in  a  magnetic 
circuit,  producing  an  alternating  or  variable  electromotive 
force  in  a  circuit,  as  in  a  permanent  magneto-transmitter. 
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2.  Variation  of  the  resistance  in  an  electric  circuit  as  in 
all  microphones. 

3.  Variation  of  the  capacity  in  an  electric  circuit,  as  in 
the  condenser  transmitter. 

The  second  method  has  given  by  far  the  best  results. 


PROPERTIES  OF  TELEPHONE 

CIRCUITS 


ELECTKICAL  CONDITIONS  AFFECTING 
TELEPHONIC  TRANSMISSION 


CURRENTS 

1.  Before  considering:  the  electrical  conditions  affecting 
telephonic  transmission,  it  is  necessary  to  consider  the 
ordinary  classification  of  electric  currents.  Any  electric 
current  may  be  classified  either  as  a  direct  current  or  as  an 
alternating  current.  The  abbreviations  for  these  are  D.  C, 
direct  current,  and  A.  C,  alternating  current. 


I>IRECT  CURRENT 

2.  A  direct  current  may  be  defined  as  a  current  that 
always  flows  in  the  same  direction  through  the  conductor 
or  circuit.  A  direct  current  may  be  continuous  or  pulsating. 
Strictly  speaking,  a  continuous  current  is  one  in  which 
the  electromotive  force  has  an  absolutely  constant  value 
during  succeeding  intervals  of  time,  which  would  therefore 
cause  a  perfectly  steady  current  to  flow  through  a  circuit  of 
constant  resistance. 

Constant-potential  dynamos,  which  are  used  for  direct- 
current  incandescent  lighting,  and  primary  and  storage 
batteries,  furnish  direct  currents. 

A  pulsating:  current  is  one  that  always  flows  in  the 
same  direction,  but  the  electromotive  force  or  resistance 
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varies,  so  that  the  current  consists  of  distinct  impulses,  or 
rushes  of  current.     Fig.  1  {«),  {6),  and  (c)  represents  three 
possible  curves  of  pulsating  currents.    In  (a) ,  the  fluctuations 
of  the  electromotive  force,  or 
I  current,  occur  between  a  maxi- 
mum and  zero;  while  in  (^) ,  the 
minimum  is  about  .7  of  the  max- 
imum; (c)  represents  a  slightly 
ij  different  type  of  curve  in  which 
the  minimum  is  about  .85  of  the 

1 2C  3  ^_  ,._^  ZI  ?r^ maximum.     Either  of  the  last 

^  '  r'"'=f=''^  I  ^^4=--^  lyfQ  closely  approaches  a  strictly 
continuous  current.  The  curve 
shown  in  Fig.  1  {6)  is  sometimes 
referred  to  as  the  alUrnaling 
component  of  a  direct  current.  In 
I''  S /^TjS -^jJN ^ ^  this  case,  the  resultant  current 
may  be  considered  as  a  continu- 
s  current  having  a  small  alter- 
nating current  superimposed  or 
idded  to  it. 

Some  arc-light  dynamos  pro- 
duce a  pulsating  current  resem- 
bling (f);  the  pulsations  are  so  intense  as  to  frequently  cause, 
by  induction,  considerable  noise  or  a  distinct  hum  to  circuits 
that  run  parallel  and  near  arc-light  lines. 


^ 

"N 

'1^ 

'1^ 

^ 

N 

( 

} 

AliTKRMATINU  CURRENTS 

3.  An  alternating  current  may  be  defined  as  a  current 
that  is  continually  reversing  its  direction  to  the  circuit;  conse- 
quently, the  electromotive  force,  as  well  as  the  current,  alter- 
nates between  two  opposite  maximum  values.  The  curve  of 
the  electromotive  force,  and  also  the  curve  of  the  current, 
will  therefore  be  on  both  sides  of  the  horizontal  reference 
line,  as  represented  by  the  curve  A  B  C D  E  in  Fig.  2. 

4.  Alternating-Current  Waves. — Telephonic  trans- 
mission is  effected  by  means  of  alternating  or  undulating 
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carrents  of  electricity  flowing  in  a  circuit  containing  the 
receiving  and  transmitting  instruments.  While  the  wave 
form  of  this  current  is  exceedingly  complex,  it  may  be  con- 
sidered as  being  made  up  of  a  large  number  of  simple  waves, 


Pio.  2 

each  following,  in  its  rise  and  fall,  the  law  of  sines.  Alter- 
nating currents  may  be  generated  in  many  ways,  the  most 
common,  in  telephony,  being  those  set  up  by  the  battery 
transmitter  and  induction  coil  in  the  ordinary  telephone  set, 
or  by  the  magneto-generator  used  in  generating  current  for 
calling  purposes.  

PROPERTIES  OF  CIRCUITS 

5.     Difficulties  Preventing:  Perfect  Transmission. 

Perfect  telephonic  transmission  involves  the  accurate  repro- 
duction at  the  receiving  end  of  the  line  of  the  sound  waves 
produced  at  the  transmitting  end.  This  means  that  the  ampli- 
tude, form,  and  frequency  of  the  reproduced  waves  should 
be  identical  with  those  of  the  original  waves.  The  reproduc- 
tion of  the  sound  waves  without  loss  in  amplitude  involves 
the  transmission  of  electrical  energy  with  no  loss  in  the  line 
or  other  parts  of  the  circuit;  i.  e.,  with  an  efficiency  of  100  per 
cent.  This  is  an  impossibility.  The  exact  reproduction 
of  the  form  of  the  wave  involves  the  transmission,  not 
only  of  the  wave  corresponding  to  the  fundamental  tone, 
but  of  those  of  higher  frequencies  corresponding  to  the  over- 
tones, with  no  loss,  or  with  the  same  relative  loss  in  all,  and 
also  the  maintaining  of  all  the  simple  waves  that  make  up 
the  complex  wave  in  the  same  phase  relation  as  in  the  orig- 
inal wave.     This  is  also  an  impossibility,  because  there  are 

l.»3  --.> 
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certain  electrical  properties,  possessed  to  a  sweater  or  less 
extent  by  every  circuit,  that  tend  to  alter  the  form  of  the 
complex  wave  either  by  reducing  the  relative  amplitude  of 
the  waves  corresponding  to  the  higher  overtones  or  by  dis- 
placing, in  phase,  the  waves  corresponding  to  the  overtones 
with  respect  to  each  other  or  with  respect  to  that  of  the  fun- 
damental tone.  These  various  properties  and  the  effects 
they  produce  on  the  form  or  amplitude  of  the  waves  may 
be  understood  only  after  some  knowledge  is  obtained  of 
the  theory  of  alternating  currents. 


DIAGRAMMATIC     REPRESENTATION    OF    BliBCTRICAIi 

WAVES 

6.  Analysis  of  Curves. — The  successive  values  of  the 
current  or  of  the  electromotive  force  may  be  represented  by 
means  of  curves  in  the  same  manner  as  already  used  in 
representing  the  form  of  sound  waves.  In  Fig.  2,  the  hori- 
zontal line  AE  may  be  considered  as  representing  time, 
while  the  vertical  lines  fe,  b  By  dDy  and  /V  represent  the 
instantaneous  values  of  the  current  or  electromotive  force  at 
corresponding  particular  moments.  This  may  perhaps  be 
made  clearer  by  first  assuming  that  the  curve  ABCDE 
represents  the  values  through  which  the  current  passes  in 
the  course  of  a  complete  cycle.  The  distance  A  E  along  the 
horizontal  line  will  then  represent  the  time  taken  for  the 
current  to  pass  through  a  complete  cycle,  and  the  distance  y^/ 
will  represent  the  time  in  which  the  current  has  risen  from 
zero  to  a  value  represented  by  the  line  ^/.     A  b  will  represent 

r 

the  time  taken  for  the  current  to  pass  through  a  quarter 
cycle,  and  the  line  R  b  will  represent  the  maximum  positive 
value  of  the  current.  During  the  time  represented  by  the 
distance  between  b  and  C,  the  current  decreases,  its  value  at 
any  time  being  represented  by  the  perpendicular  distance  or 
length  of  the  ordinate  between  the  horizontal  line  A  E  and 
the  curve.  At  the  point  C,  which  corresponds  to  the  end 
of  the  first  half  cycle,  the  current  passes  through  zero  and 
begins  to  increase  in  a  negative  direction;  that  is,  it  begins 
to  fiow  and  increase  in  strength  in  the  opposite  direction  in 
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the  circuit.  The  distance  A  d  represents  the  time  of  three- 
qoarters  of  a  cycle,  at  which  time  the  current  has  reached  its 
maximum  negative  value,  and  after  passing  through  which  it 
gradually  decreases  to  zero  at  the  point  E^  which  marks  the 
end  of  the  first  complete  cycle. 

7.  If  the  current  is  generated  by  a  diaphragm  vibrating 
with  a  simple  harmonic  motion  in  the  field  of  an  electro- 
magnet, its  curve  will  also  be  a  representation  of  a  simple 
harmonic  motion,  and  may  be  considered  as  being  generate<j 
by  the  revolution  of  the  line  Op^^  Fig.  2,  around  the  point  O. 
The  distances  measured  along  the  horizontal  line  from  the 
point  A  may  therefore,  as  in  the  case  of  simple  harmonic 
motion,  represent  the  portion  of  the  cycle,  in  degrees,  through 
which  the  wave  has  passed  at  any  instant.  Thus,  the  dis- 
tance A  /  will  represent  the  angular  distance  through  which 
the  line  Op^  revolved  in  passing  from  the  position  O  A'  to 
the  position  Op^y  which,  as  may  be  seen  by  mere  inspection, 
is  approximately  45°.  The  distance  Ab  corresponds  to  the 
rotation  of  the  line  Op^  through  an  angle  of  90°,  at  which 
time  the  value  of  the  current  is  a  maximum.  In  like  manner, 
A  Cmay  represent  a  rotation  of  180°,  A  D  270°,  and  A  E  360°, 
or  a  complete  cycle.  The  curve  shown  in  Fig.  2  may,  instead 
of  representing  current,  represent  the  successive  values  of 
the  electromotive  force  producing  the  current,  the  value 
of  the  electromotive  force  at  any  time  being  represented  by 
the  ordinate  of  the  corresponding  point  on  the  curve  in 
exactly  the  same  manner  as  when  the  curve  was  considered 
to  represent  the  successive  values  of  the  current. 

8.  The  length  of  the  line  Op^,  Fig.  2,  is  the  same  as 
the  lines  Bb  and  Dd^  which  represent,  respectively,  the 
maximum  and  minimum  values  of  the  current  or  electro- 
motive force.  It  is  therefore  often  convenient,  in  reasoning 
or  calculating  about  alternating-current  phenomena,  to  rep- 
resent the  maximum  value  of  the  current  or  electromotive 
force  by  such  a  line  as  Op^ ,  and  the  phase  of  the  current  or 
electromotive  force  at  any  instant  by  the  angle  that  the  line 
makes  with  some  line  of  reference,  such  as  the  horizontal 
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line  O  A',  Thus,  the  left-hand  portion  of  the  figure  included 
within  the  circle  may  be  used  to  convey  the  same  meaning 
as  the  right-hand  portion  of  the  same  figure,  including  the 
sine  curve  A  B  CD  E.  The  maximum  value  of  the  current  is 
represented  by  the  jadius  of  the  circle,  and  the  instantaneous 
value  at  any  time,  or  at  any  portion  of  the  cycle,  may  be  found 
by  dropping  an  ordinate  from  the  point  p^  on  the  circumfer- 
ence to  the  horizontal  diameter. 

If  the  curve  in  this  figure  represents  an  alternating  current 
or  electromotive  force,  then,  when  the  alternating  current  or 
electromotive  force  starts  at  A,  passes  through  all  the  posi- 
tive values  (that  is,  along  the  curve  AeBC  above  the  axis), 
returns  to  the  axis  at  C,  passes  through  all  the  negative 
values  (that  is,  along  the  curve  C D E  below  the  axis),  and 
returns  to  the  axis  at  Ey  it  is  said  to  have  made  one  com- 
plete cycle. 


KiG.3 

9.  Complex  Alternating-Current  Wave. — Fig.  3, 
which  was  used  to  illustrate  the  production  of  a  complex 
sound  wave  A  by  combining  two  simple  sound  waves  B  and 
C,  may  be  also  used  to  represent  the  formation  of  a  complex 
current  wave  from  two  simple  sine  waves.  The  maximum 
values  of  the  currents  represented  by  curves  B  and  C  will  be 
represented  by  the  radii  of  the  large  and  small  circles, 
respectively.  The  curve  A,  being  a  complex  instead  of  a 
simple  harmonic  wave,  cannot  be  represented  by  a  radius 
revolving  around  the  center  of  a  circle,  as  in  the  cases 
already  described. 
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RESISTANCE 

10.     Uoslstance  is  that  propertjr  of  a  circuit  that  tends  to 

ibNlmct  (he  passage  of  a  current.    The  relation  between  the 

lines  of  a  continuous  current,  a  continuous  electromotive 

X,  and  resistance  is  defined  by  Ohm's  law,  which  may 

B  staled  as  follows:     The  current,  expressed  in  amperes,  is 

jqual  to  the  electromotive  force,  expressed  in  volts,  divided 

Y  the  resistance  of  the  circuit,  expressed  in  ohms.    The  effect 

f  resistance,  when  not  modified  by  any  other  properties  of 

J  circuit,  such,  for  instance,  as  self-induction  or  capacity, 

I  Ihe  same  for  alternating  currents  as  for  direct  currents. 

t  caases  neither  a  lag  nor  a  lead  in  Ihe  current  wave,  nor 

ie»  it  alter  the  form  of  the  wave,  its  only  effect  being  to 

dimiaisb   its  amplitude.     This  diminution  in  amplitude  is, 

under  these  circumstances,  in  exact  accordance  with  Ohm's 

law.  the  effective  or  the  maximum  values  of  the  current  for 

H^ay  cycle  varying  directly  with  the  effective  or  maximum 

^^Mectromotive  force. 

Bfent 


INDUCTANCE 

If  two  wires  lie  side  by  side,  . 


11.  If  two  wires  lie  side  by  side,  an  increase  in  the  cur- 
ifit  In  one  will  induce  an  electromotive  force  in  the  other 
tending  to  produce  a  current  in  the  opposite  direction  to  the 
inducing  current.     On  the  other  hand,  a  decrease  in  the  cur- 

Iftat  Sowing  in  one  will  induce  in  the  other  an  electromotive 
brce  that  tends  to  produce  a  current  in  the  same  direction 
n  the  inducing  current.  The  convolutions,  or  turns,  of  a 
Goil  form  practically  parallel  wires  and  each  turn  acts  on 
all  other  turns  in  the  same  manner  as  one  parallel  wire  acts 
on  anotlier,  but  producing  very  much  greater  results.  The 
number  of  turns  may  be  readily  increased  by  winding 
more  wire  on  a  coil;  but  in  order  to  do  this  where  a  limited 
imoont  of  space  is  available,  it  is  frequently  necessary  to 
wind  with  a  smaller  wire.  The  number  of  lines  of  force  set 
op  through  a  coil  depends,  not  only  on  the  strength  of  the 
carrenl  and  number  of  turns,  but  also  on  the  characler  of  the 
MSiK^uc  substance  in  and  around  the  coil.     A  coil  havine 
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no  iron  in  its  core  will  have  a  very  much  lower  inductance 
than  a  coil  that  has,  for  the  reason  that  the  number  of  lines 
of  force  set  up  by  a  given  magnetizing  force  is  much  greater 
in  iron  than  in  air.  We  may  say,  therefore,  that  a  large 
amount  of  iron  in  the  core  of  a  coil  serves  to  greatly  increase 
the  inductance;  and  where  the  return  path  for  the  lines  of 
force  is  also  made  of  iron,  the  inductance  is  still  further 
increased,  because  the  entire  magnetic  circuit  is  made  of 
iron.  This  is  the  reason  why  electromagnetic  devices,  such 
as  drops  and  relays,  that  are  bridged  across  telephone  circuits 
and  impedance,  or  retardation,  coils,  are  made  with  as  com- 
plete magnetic  circuits  as  possible.  The  number  of  turns  in 
such  apparatus  is  usually  large.  By  winding  a  coil  that  is 
completely  surrounded  with  iron  with  a  large  number  of 
turns  of  as  large  wire  as  it  is  practical  to  use,  it  is  possible 
to  obtain  a  coil  of  very  high  impedance  to  high-frequency 
currents,  but  of  comparatively  little  resistance  to  a  steady 
continuous  current,  and  an  impedance  not  much  greater  than 
the  resistance  to  a  very  low-frequency  alternating  current. 

12.  Inductance  of  Telephone  Apparatus. — An  idea 
of  the  inductance  of  telephone  apparatus  may  be  obtained  from 
the  following  values:  The  secondary  winding  (256.2  ohms) 
of  an  induction  coil  for  use  with  a  Blake  transmitter  had  an 
inductance  of  .035  henry  for  a  current  of  .0824  ampere;  an 
80.3-ohm  double-pole  Stromberg-Carlson  receiver,  .33  henry 
for  a  current  of  .0124  ampere;  a  125.3-ohm  single-pole  Best 
Telephone  Company  receiver,  .15  henry  for  a  current  of 
.0162  ampere;  an  ordinary  (old-style)  133.8-ohm  switchboard 
drop,  .5  henry  for  a  current  of  .074  ampere  (these  four  values 
are  for  a  frequency  of  133  periods  per  second);  a  101-ohm 
polarized  bell,  2.82  henry  for  current  of  .033  ampere  and 
frequency  of  48.4  periods  per  second;  a  353.8-ohm  arma- 
ture of  a  magneto-generator,  4.27  henrys  for  a  current  of 
.024  ampere  and  a  frequency  of  48.4  periods  per  second; 
a  75-ohm  watch-case  receiver,  about  .01  henry;  one  200-ohm 
winding  of  a  repeating  coil,  3.5  henrys;  a  1,000-ohm  (bridg- 
ing) polarized  bell  at  400  periods  per  second,  2  to  4  henrys, 
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16  periods,   10  henrys;    a  Bell   double-pole  receiver  at 

D  periods  per  second.  .39  henry,  at  1,000  periods,  .27  henry, 

:  1,600  periods.   .22  henry;    a  550-ohni   switchboard  drop 

H{ron-cIad)    at    400    periods   per   second,   about   5   henrys. 

Tiere  Icnown,  the  current  and  frequency  are  given  because 

!  inductance  of  coils  containing  iron  will  vary  somewhat 

|tth   the  ctirrent  and  the  frequency.     Measurements  show 

ml  the  value  of  the  inductance  depends  somewhat  on  the 

leciacncy:  generally,  it  seems  to  decrease  as  the  frequency 

-eases,  but  no  explanation  can  be  given,  except   that  It 

lay  be  due  to  the  fact  that  as  the  frequency  increases  the 

llsit  deeply  does  the  magnetism  penetrate  into  the  interior 

:   the   iron  core.     This  is  sometimes   said   to   be  due   to 

!  viscous  hysteresis  of  the  iron.     Iron  wire  larger  than 

2b    H.  W.  G.   should   never  be  used    for   the  cores  of 

ipeating  and  induction  coils,  because  so-called  er/ily  currents 

;  readily  induced  in  a  solid  iron  core;   these  currents  are 

leless  and  also  represent  a  loss  of  energy,  thereby  causing 

I  loss  in  the  efficiency  and  in  the  good  talking  quality  of  the 

atrutnent.     It  is  customary  to  consider  the  inductance  of  a 

ren  coil  as  having  almost  a  constant  value. 

13.  Electromotive    Force  of    Seir-Induetlon. — The 

wtrumolive  force  brought  into  existence  by  self-induction 
I  called  the  elootromotlve  foree  or  seir-lnductlon,  or 

I  pre«MiiP«  of  soir-Inductlon,  in  order  to  distinguish  it 
»m  the  impressed  electromotive  force,  or  pressure,  which, 
I  itn  name  indicates,  is  that  impressed  on  the  circuit  by  the 

meralor  that  is  causing  the  current  to  flow.  The  active 
resmre  is  the  resultant  of  the  pressure  of  self-induction  and 

!  impressed  pressure. 

14.  Efforts    of    Iniliictancv    on    Alt«riiatliiK    Cur- 

—It  is  evident,  since  inductance  tends  to  oppose  any 

intEC  being  made  in  a  current  flowing  in  a  circuit,  that  the 

hect  will  be  to  make  any  change  in  current  strength  occur 

ifhtly  later  than  it  would  otherwise  do.     In  a  circuit  conlain- 

[  only  resistance,  without  inductance  or  capacity,  an  alter- 

11K  current  will  be  in  exact  phase  with  the  electromotive 
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'force  impressed  on  the  circuit;  that  is,  the  maximum  value 
of  the  current  will  occur  at  the  same  time  as  the  maximum 
value  of  the  electromotive  force,  and  the  correspoading  zero 
and  intermediate  values  of  current  and  electromotive  force 
will  also  occur  at  the  same  times.  When  inductance  is  intro- 
duced into  the  circuit,  however,  it  causes  the  changes  in 
current  to  occur  somewhat  later  than  the  changes  in  the 
electromotive  force,  or,  as  it  is  customary  to  express  it,  to 
lag  in  phase  behind  the  electromotive  force. 

15.  Fliase  Relations. — The  electromotive  force  of 
self-induction  is  proportional  at  all  times  to  the  rate  of 
change  of  the  current  flowing  in  the  circuit,  and  not  propor- 
tional to  the  current  itself.  Therefore,  the  electromotive 
force  of  self-induction  is  a  maximum  when  the  current  is 
passing  through  zero,  because  at  that  time  the  current 
is  changing  faster  than  at  any  other  time.  Likewise,  the 
electromotive  force  of  self-induction  is  zero  when  the  current 
is  maximum;  for  when  the  current  is  maximum,  the  rate  of 


change  of  the  current  is  zero.  These  facts  may  be  more 
readily  grasped  by  again  referring  to  Fig.  2.  If  the  curve 
is  taken  as  representing  the  instantaneous  values  of  the 
current,  it  will  be  seen  that  at  the  zero  points  A,  C,"  and  E, 
the  current  is  changing  most  rapidily,  for  the  curve  is  steep- 
est, and  the  electromotive  force  of  self-induction  will  be 
greatest,  at  these  points.  At  the  maximum  points  S  and  />, 
the  rate  of  change  of  current  is  zero,  and  therefore  the  elec- 
tromotive force  of  self-induction  will  be  zero. 


l%2       PROPERTIES  OF  TELEPHONE  CIRCUITS        11 

In  Fig.  4.  the  curve  -4  5  C/J^"  represents  the  same  curve 
Lbs  that  shown  in  Fig.  2,  and  in  this  case  it  is  taken  to  repre- 
I  sent  the  successive  values  of  the  active  electromotive  force; 
ithiit  is.  of  the  electromotive  force  that  is  actually  driving  the 
Icurrent  through  the  circuit,  and  which  is  therefore  in  phase 
Iwllh  the  current.  The  curve  .-I'  B'  C  />  E'  F'  represents  the 
wlcctromotive  force  of  self-induction,  it  being  so  drawn  that 
imum  values  .-/',  C,  and  E'  occur  at  the  same  time 
las  the  zero  values  A.  C.  and  E  of  the  active  electromotive 
Iforce.  In  Hke  manner,  the  zero  points  B',  D',  and  F'  occur 
Kat  the  same  time  as  the  maximum  values  B,  D,  and  F oi  the 
l.active  electromotive  force.  A  little  consideration  shows 
I  thai  the  electromotive  force  of  self-induction  Jags  behind  the 
■active  electromotive  force  by  an  amount  equal  to  the  dis- 
I'tancc  A  B'  or,  if  expressed  in  angular  measure,  by  90°,  or  a 
tquarler  of  a  cycle.  It  is  always  true  that  the  electromotive 
{force  of  self-induction  lags  90°  behind  the  active  electro- 
motive force,  and  therefore  90°  behind  the  active  current, 
■hich  is  always  in  phase  with  the  active  electromotive  force. 

16.     Impressed    Electromotive- Force    Curve. — The 
van^  A  B  C D E  ra  Fig.  4  may,  as  we  have  already  seen,  be 

[considered  as  generated  by  the  revolution  of  the  line  Op/ 
about  the  point  O.  The  length  of  the  line  Op'  is  made  equal 
to  the  maximum  value  of  the  active  electromotive  force,  and 
this  line  is.  for  the  purpose  of  clearness,  designated  E.,  The 
line  Og'  represents  the  electromotive  force  of  self-induction, 
and  is  therefore  termed  E,.  Us  length  is  made  equal  to  the 
nuLximum  value  of  the  electromotive  force  of  self-induction; 
and  as  this  has  been  shown  to  lag  in  phase  behind  the  active 
electromotive  force  by  an  amount  equal  to  90°,  the  line  E,  is 
^drawn  at  right  angles  to  the  line  E.  and  behind  it.  If  the 
I  E,  and  K.  are  revolved  around  O,  keeping  them  at  all 
mes  the  same  number  of  degrees  apart,  the  line  E,  will 
tierate  the  curve  A'  B'  C  D' F.'  F',  representing  the  electro- 
lotive  force  of  self-induction,  while  the  line  F,  is  generating 
ciuve  A  B  C  D  R  F,  representing  the  active  electro- 
Mtive   force.     The  curve  of  the  impressed  electromotive 
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force  may  be  found  by  taking  the  algebraic  differences  of 
the  instantaneous  values  of  the  active  electromotive  force 
and  of  the  electromotive  force  of  self-induction.  Thus,  the 
point  h  on  the  curve  of  the  impressed  electromotive  force 
may  be  found  by  making  the  length  of  the  ordinate  f  h  equal 
to  the  sum  of  the  ordinates  fe  and  fg,  the  sum  being  taken 
because  the  ordinate  fe  is  positive,  while  the  ordinate  fg  is 
negative;  and  to  subtract  the  latter  from  the  former,  we 
have  only  to  change  its  sign  and  add,  according  to  the 
well-known  rule  of  subtraction  in  algebra.  That  is,  fh 
^fe-{-fg)=^fe  +  fg. 

17.  An^le  of  Liag:. — The  curve  representing  the 
impressed  electromotive  force  may  be  worked  out,  point  by 
point,  by  thus  taking  the  algebraic  differences  between  the 
ordinates  of  the  curve  of  active  electromotive  force  and  that 
of  the  electromotive  force  of  self-induction.  A  better  way, 
however,  is  by  completing  the  triangle  of  which  the  lines  Ea 
and  Es  form  two  sides,  as  shown  at  the  left  hand  of  Fig.  4. 
Remembering  that  the  active  electromotive  force  is  the 
resultant  of  the  impressed  electromotive  force  and  the  elec- 
tromotive force  of  self-induction,  we  have  only  to  draw  the 
line  Ei,  which  represents  the  impressed  electromotive  force, 
making  it  parallel  and  equal  to  the  line  p'  q* ,  so  that  the  line  Ea 
represents  the  resultant  in  the  ordinary  triangle  of  forces, 
of  which  p'  q'  and  Oq'  are  the  sides.  The  line  -£*,,  which  is 
equal  and  parallel  to  p'  q',  will  then  represent,  by  its  length, 
the  maximum  value  of  the  impressed  electromotive  force; 
and  by  its  angular  position,  the  phase  relation  with  respect 
to  the  active  electromotive  force  and  the  electromotive  force 
of  self-induction.  This  line,  if  revolved  around  the  point  (9, 
will  generate  the  curve  representing  the  impressed  electro- 
motive force,  as  shown.  The  actual  current  flowing  in  the 
line  will  be  in  phase  with  the  active  electromotive  force  E^^ 
and  the  angle  between  the  line  Ei  and  the  line  Ea  will  there- 
fore represent  the  lag  in  phase  of  the  current  behind  the 
impressed  electromotive  force.  This  angle  is  termed  the 
ang^le  of  lag^. 
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The  effect  of  the  self-induction  is  to  retard  the  rise  and 
fall  of  the  current  so  that  it  attains  its  maximum  later  than 
the  maximum  of  the  alternating  pressure  that  sets  it  up;  and 
it  also  increases  the  apparent  resistance  to  the  flow  of  the 
alternating:  current  in  the  circuit.  Thus,  if  the  curve  M, 
Fig.  5,  is  taken  to  represent  the  alternating  current  that  flows 
in  a  circuit  supposed  to  contain  no  self-induction,  then  N 


Pio.  5 

can  be  taken  to  represent  the  current  that  flows  when  there 
is  self-induction.  N  is  retarded  with  respect  to  M  and 
reaches  a  smaller  maximum  value.  In  this  figure,  the  dis- 
tance d  (pronounced  the'ta)  from  a  to  by  expressed  in  degrees, 
is  called  the  angle  of  lag  0,  For  a  a'  represents  one  com- 
plete period,  that  is,  360°;  consequently,  each  •%\-^  part  of 
the  distance  a  a'  is  equivalent  to  1°.  In  this  figure,  the 
curve  N  lags  30°  behind  the  curve  M, 


EL.ECTROSTATIC    CAPACITY 

18.  Condensers.  —  All  bodies  have  the  power  of 
accumulating  charges  of  electricity  on  their  surfaces,  and 
two  such  charges  mutually  attract  or  repel  each  other  accord- 
ing to  whether  they  are  of  the  same  or  opposite  sign. 
The  amount  of  charge  that  a  given  conductor  will  take  is 
greatly  increased  by  the  proximity  of  another  conductor  to  it. 
Two  conducting  bodies  placed  close  together  and  insulated 
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from  each  other  form  what  is  called  a  condenser.  For 
commercial  work,  condensers  are  usually  made  of  a  larg^e 
number  of  sheets  of  tin-foil,  laid  one  on  the  other,  each 
sheet  bein£f  insulated  from  those  adjacent  to  it  by  sheets  of 
paper  impregnated  with  insulating  compound.  The  alter- 
nate layers  of  tin-foil  are  connected  together  at  one  side  and 


I 
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• 

to  a  point  forming  one  terminal  of  the  condenser,  while  the 
remaining  plates  are  similarly  joined  to  a  point  forming  the 
other  terminal  of  the  condenser.  The  result  of  this  construc- 
tion is  to  give  two  conducting  surfaces  of  large  area  sepa- 
rated from  each  other  by  a  thin  insulating  medium. 


JBa"^    ^a+  ^a 


Cc-O 


1 


Cc+    ICc-^ 


19.  The  Effect  of  Capacity  on  Alternating:  Cur- 
rents.— If  a  condenser  C  is  placed  in  the  circuit  of  a 
generator  G  of  alternating  currents,  as  shown  in  Fig.  6,  its 
terminals  will  be  subjected  to  electromotive  forces  varying 
rapidly  from  a  maximum  in  one  direction  to  a  maximum  in 
the  other  direction.     As   the  condenser  receives  a  charge 
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Ffrom  the  line,  or  discharges  itself  back  into  the  line,  cur- 
ireata  will  flow  into  or  out  of  it,  according  to  whether  the 
Ijtressure  at  its  terminals  is  increasing  or  decreasing.  The 
1  phase  relation  between  the  current  flowing  into  or  out  of  the 

■  Condenser  and  the  electromotive  force  of  the  line  is  some- 
I  what  difllcult  to  understand.  For  the  purpose  of  illustrating 
lit,  reference  will  be  made  lo  Fig.  7,  in  which  (7  is  a  source 
I  of  alternating  current,  the  wave  form  of  which  is  that  of  a 
I'sine  curve.  The  two  plates  of  a  condenser  are  shown  con- 
I'Sected  across  the  two  sides  of  the  line  at  ^',  and  in  order 
I  to  illustrate  the  conditions  throughout  a  complete  cycle  of 
I  tbe  corrent,  the  same  condenser  is  shown  at  successive  points, 
I  lUch  as  S'.  C,  /y,  E' ,  etc.,  these  points  being  under  the  corre- 
Ispondtni:  points  ./,  B,  C,  D,  S,  etc.,  on  the  horizontal  line  of 

■  the  current  and  electromotive  force  curves  directly  above. 
I  One  of  the  curves,  as  indicated,  represents  the  rise  and  fall 
I  of  the  active  electromotive  force,  while  the  other  represents 
Vlhe  corresponding  values  of  the  condenser  current. 

It  should  be  remembered  that  the  amount  of  current  flow- 
I  iog  into  or  out  of  the  condenser  depends  on  the  rate  of 
I  diange  of  the  electromotive  force  at  its  terminals;  but  the 
1  amount  of  the  charge  in  the  condenser  depends  on  the 
I  instantaneous  value  of  the  electromotive  force  and  not  on 
tits  rale  of  change.  Evidently,  as  long  as  the  electromotive 
j  force  at  the  condenser  terminals  does  not  change,  no  current 
l<1rill  flow  into  or  out  of  the  condenser,  but  if  the  electromo- 
ktive  force  across  the  *  condenser  terminals  is  gradually 
ffaised,  current  will  flow  into  the  condenser;  and  if  grad- 
VuaUy  lowered,  current  will  flow  out  of  the  condenser.  The 
rfaitter  these  changes  in  the  potential  across  the  condenser 
tterminals  take  place,  the  greater  will  be  the  instantaneous 
lvalue  of  the  current  flowing  into  or  out  of  the  condenser. 


20.     phase  KelalloDs. — Consider  now  the  conditions  at 

I  the  instant  represented  by  /t  on  the  curve  diagram  and  at  A' 

In  tbe  lower  part  of   the  figure.     At   this   instant,  £.,  the 

active  electromotive  force,  is   maximum   and   positive  (all 

nts  or  electromotive  forces  above  the  horizontal  line 
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being  considered  positive  and  all  those  below  it  negative). 
The  upper  plate  of  the  condenser  is  positive  and  at  the  same 
potential  as  the  upper  conductor  of  the  circuit.  At  this 
instant,  the  electromotive  force  is  undergoing  no  change,  it 
being  just  at  the  turning  point  between  the  increase  and  the 
decrease;  consequently,  the  condenser  is  fully  charged,  but 
no  current  is  flowing  into  or  out  of  it.  The  current  flowing 
into  the  line,  being  in  phase  with  the  active  electromotive 
force,  is  at  this  instant  maximum,  and  its  direction  is  indi- 
cated by  the  horizontal  arrow  above  the  point  A\  It  is 
evident,  therefore,  that  while  the  active  electromotive  force 
is  maximum,  the  condenser  current  is  zero,  and  therefore 
the  curve  representing  the  condenser  current  passes  through 
the  horizontal  axis  at  the  point  A,  At  the  time- represented 
by  the  point  B  on  the  horizontal  axis,  Ea  is  smaller  than 
before,  but  still  positive.  The  top  condenser  plate  is  there- 
fore still  positive,  but  at  a  lower  potential  than  at  the 
point  A^.  From  this,  it  follows  that  the  condenser  cannot 
now  hold  all  its  previous  charge,  and  therefore  current  must 
flow  out  of  it  and  into  the  line,  as  indicated  by  the  small 
vertical  arrow  above  the  point  B'.  This  current  is  in  an 
opposite  direction  from  that  which  would  flow  from  the  gen- 
erator G  through  the  condenser  path  were  the  condenser 
short-circuited,  and  is  therefore  of  an  opposite  sign  to  that 
of  the  line  current.  Inasmuch  as  the  line  current  is  still 
positive  and  in  a  direction  indicated  by  the  small  horizontal 
arrow  above  B\  the  condenser  current  must  be  negative;  i.  e., 
flowing  out  of  the  top  plate,  as  indicated  by  the  arrow  above 
point  B^,  and  therefore  the  point  on  the  condenser-current 
curve  at  that  instant  is  below  the  horizontal  axis. 

21,  At  the  instant  represented  by  the  points  Cand  C, 
the  active  electromotive  force  is  zero  and  is  undergoing  its 
maximum  rate  of  change.  The  top  condenser  plate  is  neu- 
tral; i.  e.,  it  has  no  charge,  but  is  rapidly  decreasing  toward 
a  negative  value.  Therefore,  since  the  potential  of  the  top 
plate  is  decreasing,  current  must  be  flowing  out  of  it,  as 
mdicated  by  the  vertical  arrow,  and  as  Ea  is  changing  at  a 


\ 
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maximum  rate,  the  condenser  current  at  this  point  is  a  max- 
imum. At  the  points  represented  by  D  and  ZT',  the  active 
electromotive  force  has  changed  from  a  positive  to  a  nega- 
tive direction,  as  is  indicated  by  the  small  horizontal  arrow. 
This  same  electromotive  force  may  now  be  said  to  be  increas- 
ing in  a  negative  direction,  or,  what  is  the  same  thing, 
decreasing  in  a  positive  direction.  The  subject  will  be  made 
somewhat  clearer  by  considering  it  in  the  latter  light,  that 
is,  by  considering  the  change  of  the  active  electromotive 
force  from  the  positive  maximum  to  the  negative  maximum 
to  be  one  steady  decrease,  and  likewise  the  change  from  the 
negative  maximum  to  the  positive  maximum  to  be  one  steady 
increase.  The  active  electromotive  force  at  D  is  then  still 
decreasing.  The  direction  of  the  current  in  the  line  is  indi- 
cated by  the  horizontal  arrow  above  the  point  ly.  The  poten- 
tial of  the  top  condenser  plate  is-  now  negative,  and  therefore 
lower  than  the  potential  was  at  the  time  represented  by  the 
point  C  Current  is  therefore  still  flowing  out  of  the  con- 
denser, although  the  value  of  the  condenser  current  is  not  as 
great  as  at  the  preceding  point.  It  will  be  noticed  that  the 
points  on  the  two  curves  are  on  the  same  side  of  the  hori- 
zontal axis,  signifying  that  the  line  current  that  is  in  phase 
with  the  active  electromotive  force  and  the  condenser  current 
are  in  the  same  direction.  At  the  point  E,  the  active  electro- 
motive force  reaches  its  maximum  negative  value  and  ceases 
to  decrease.  Current  in  the  line  is  maximum  and  the  upper 
plate  has  its  maximum  negative  charge,  while  the  condenser 
current  is  zero,  because  the  active  electromotive  force  is  at 
this  instant  undergoing  no  change.  So  far,  the  condenser 
current  has  been  entirely  in  a  negative  direction,  and  by 
reference  to  the  corresponding  active  electromotive  force 
curve,  it  will  be  seen  that  the  active  electromotive  force  has 
during  this  time  been  steadily  decreasing.  After  the  time 
represented  by  the  point  E,  the  active  electromotive  force 
begins  to  increase;  and  until  the  time  represented  by  the 
point /is  reached,  this  increase  continues.  During  this  time, 
the  potential  of  the  top  condenser  plate  is  gradually  raised, 
allowing  the  condenser  to  receive   more  and  more  charge, 
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the  charg:e  changing  from  a  nes^ative  maximum  value  atEto 
zero  at  G,  then  to  a  maximum  positive  value  at  /,  and 
therefore  causing  a  continuous  flow  of  current  into  the  con- 
denser, this  current  reaching:  a  maximum  value  at  the  time 
represented  by  the  point  G  when  the  active  electromotive 
force  is  undergfoing  its  maximum  rate  of  change. 

22.  Adtole  of  Lead. — Reference  to  the  two  curves  in 
Fig.  7  will  show  that  the  condenser  current  is  zero  when  the 
active  electromotive  force,  and  therefore  the  active  current, 
is  maximum,  and  that  the  condenser  current  is  maximum 
when  the  active  current  is  zero.  This  indicates  a  difference 
in  phase  between  the  condenser  current  and  the  active  cur- 
rent of  90°,  and  a  further  inspection  of  the  curve  will  show 
that  the  condenser  current  is  in  advance  of  the  active  elec- 
tromotive force  by  that  amount.  Thus,  at  the  point  A,  the 
condenser  current  is  zero  and  is  decreasing;  at  the  point  C 
which  occurs  later  than  the  point  A,  the  active  electromotive 
force  is  zero  and  is  decreasing.  The  condenser  current 
therefore  reaches  this  zero  point  while  decreasing,  a  quarter 
of  a  cycle  before  the  active  electromotive  force  or  active  cur- 
rent. A  comparison  of  any  other  similar  points  on  the  two . 
curves  will  show  that  the  condenser  current  always  reaches  a 
certain  value  just  90°  in  advance  of  the  active  electromotive 
force  or  current.  It  is,  therefore,  said  that  the  condenser 
current  leads  the  active  current  by  an  amount  equal  to  90°. 
The  electromotive  force  that  is  in  phase  with  the  condenser 
current  is  called  the  condenser  electromotive  force,  and  is,  of 
course,  90°  in  advance  of  the  active  electromotive  force. 

23,  It  must  be  remembered  that  the  active  electromotive 
force  is  not  the  same  as  the  impressed  electromotive  force, 
which  is  that  impressed  on  the  line  by  the  generator  G, 
The  active  electromotive  force  is  the  resultant  of  the 
impressed  electromotive  force  and  the  condenser  electro- 
motive force.  This  relation  is  shown  in  Fig.  8,  where  the 
curve  of  active  electromotive  force  is  generated  by  the  revo- 
lution of  the  line  Ea  about  the  center  point  (9,  and  the  con- 
denser electromotive  force  is  generated  by  the  revolution  of 
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the  line  Ee  about  the  point  O  in  unison  with  the  line  E^. 
The  line  Em  represents  the  maximum  value  of  the  active 
electromotive  force,  and  the  line  Ec  the  maximum  value  of 
the  condenser  electromotive  force,  the  latter  being  drawn  at 
right  angles  to  the  former,  since  there  is  a  phase  difference 
of  90°  between  them,  and  in  advance  of  Ea,  since  E^  is  ahead 
of  it  in  phase.  The  curve  of  the  impressed  electromotive 
force  is  found  by  making  the  ordinates  of  the  points  on  it 
equal  to  the  algebraic  difference  of  the  corresponding  ordi- 
nates of  the  active  electromotive  force  and  the  condenser 
electromotive  force,  in  exactly  the  same  manner  as  the  curve 
of  impressed  electromotive  force  was  determined  in  Fig.  4. 
The  position  of  the  line  Ei  generating  the  curve  of  the 
impressed  electromotive  force  may  be  found  by  completing 


Pio.9 

the  triangle  of  which  Ec  forms  one  side  and  Ea  the  other 
side.  The  length  of  the  line  -£"/,  which  is  equal  and  par- 
allel to  the  dotted  line  joining  the  ends  of  Ec  and  E^,  and 
its  position  show  the  maximum  value  of  the  impressed 
electromotive  force,  and  also  its  phase  relation  with  respect 
to  the  active  electromotive  force.  If  the  condenser  were 
not  present,  Ec  would  be  equal  to  zero  and  the  impressed 
electromotive  force  would  be  in  phase  with  and  equal  to 
the  active  electromotive  force.  When  the  condenser  is 
present,  however,  the  effect  of  its  electromotive  force  is  to 
bring  the  active  electromotive  force  ahead  of  the  impressed 
electromotive  force  in  phase.  This  difference  in  phase  is 
represented  by  the  angle  between  the  line  Ea  and  the  line  E^, 
and  is  called  the  an^le  of  lead,  or  ang^lc  of  advauce. 
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DISTORTION    OP    TELEPHONIC    WAVES 

24.  Effect  of  Resistance. — The  effect  of  resistance 
when  not  modified  by  self-induction  or  capacity  is  the  same 
on  alternating:  or  rapidly  fluctuating;  currents  as  it  is  on  direct 
currents.  It  serves  merely  to  reduce  the  amplitude  of  the 
wave  without  modifying:  its  form.  The  electromotive  force 
necessary  to  overcome  resistance  produces  a  current  that 
serves  only  to  heat  the  conductor  through  which  it  flows. 
This  effect  causes  no  lag:  or  lead  in  the  current  wave  behind 
the  impressed  electromotive  force,  acts  on  currents  of  all 
frequencies  in  exactly  the  same  manner,  and  does  not  there- 
fore serve  to  impair  clearness  of  articulation.  Telephonic 
communication  can  be  successfully  carried  on  through  a  cir- 
cuit having  a  resistance  as  high  as  3  megohms  or  3,000,000 
ohms,  if  the  circuit  has  no  self-induction  or  electrostatic 
capacity,  and  as  this  resistance  is  many  times  higher  than 
that  over  which  it  is  ever  required  to  commercially  transmit 
speech,  it  follows  that  the  resistance  alone  of  a  circuit  is  not 
in  itself  a  serious  obstacle  to  telephonic  transmission. 

25.  Effect  of  Inductance. — If  resistance  alone  is 
present  in  a  circuit  the  current  will  keep  in  phase  with 
the  impressed  electromotive  force,  and  will  suffer  only 
diminution  in  amplitude  in  direct  accordance  with  Ohm's 
law.  When  inductance  is  added,  however,  the  electro- 
motive force  set  up  by  it  causes  the  current  to  lag  behind, 
and  also  serves  to  further  reduce  the  amplitude  of  the  cur- 
rent; for  the  impressed  electromotive  force  has  not  only 
to  overcome  the  ohmic  resistance  of  the  circuit,  but  also 
the  electromotive  force  of  inductance. 

If  telephone  currents  followed  such  a  simple  law  as  simple 
harmonic  motion,  the  lag  in  the  current  behind  the  impressed 
electromotive  force  would  not  be  such  a  serious  matter,  and 
would  serve  only  to  diminish  the  amplitude  of  the  waves  with- 
out destroying  the  form.  The  lag  in  the  current  would  amount 
to  merely  shifting  the  entire  current  curve  so  that  its  various 
values  would  occur   slightly  later   than   the  corresponding 
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llues  of  ihe  impressed  electromotive  force,  but  this  shifting 
paid  not  produce  any  changes  in  the  actual  form  of  the 
Telephone  currents  do  not,  however,  follow  such 
f  simple  law.  but  are  made  up  of  a  number  of  simple 
tves  having  different  amplitudes  and  different  frequencies. 
bforlunately,  inductance  causes  a  greater  diminution  in  the 
jnplitndes  of  tfae  waves  of  high  frequencies  than  in  those 
I  low  frequencies,  and  also  a  much  greater  angle  of  lag. 
perefore,  vibrations  of  low  frequency  meet  with  less  effect- 
e  resistance  than  those  of  high  frequency.  The  total  oppo- 
Ition  offered  to  an  alternating  current  by  a  circuit  having 
idnctance  or  capacity,  or  both,  in  addition  to  the  so-called 
mple  ohmic  resistance,  is  called  its  impedance.  The  impe- 
loce  of  a  circuit  possessing  resistance  and  inductance  for 
■  siruple  sine-wave  current  is  expressed  by  the  following 

EoiTOoU: 

Impedance  =  V>*+(2ff«A)'  (1) 

(wfatcb   R  =  simple  resistance  of  the  circuit,  tn  ohms; 
n  =  3.141fi; 
n  —  number  of  complete  periods  per  second,  or 

the  frequency; 
i  =  coefficient  of  self- Induction,  now  called  sim- 
ply inductance,  expressed  in  henrys. 
BFrom  the  fact  that  the  current  /  in  an  alternating-current 
Miit  is  equal  to  the  electromotive  force  £  divided  by  the 


lance. 


'  T/j?'-l-(2;r«i)* 


(2) 


■can  be  easily  shown  that  a  given  circuit  possessing  induct- 

B  reduces  currents  of  high  frequency  more  than  those  of 

'  frequency;  for  the  larger  the  value  of  m  in  the  above 

ipression,  the  smaller  will  be  the  value  of  the  current  /, 

K'Thns,  in  a  wave  that  is  the  resultant  of  waves  of  several 

jBcrent  frequencies,  the  amplitude  of  the  high-frequency 

kves  will  be  reduced  to  a  greater  extent  than  those  of  low 

lueocy:  that  is,  in  a  current  wave  caused  by  a  sound,  the 

r  the  overtones  the  more  they  are  reduced  in  amplitude. 
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Furthermore,  high-frequency  currents  lag  more  than  those 
of  low  frequency.     This  can  be  seen  from  the  formula: 

tan  <?  =  ^^  (3) 

which  expresses  for  a  simple  sine  curve  the  relation  between 
the  tangent  of  the  angle  of  lag  0  and  the  frequency,  induct- 
ance, and  resistance  of  the  circuit.  The  latter  two  formulas 
show  that  the  currents,  due  to  the  higher  overtones  in  a  com- 
plex wave,  are  reduced  more  in  amplitude  and  are  displaced 
more  in  their  relative  position  to  the  lower  overtones  and 
the  fundamental  than  are  the  currents  due  to  the  lower  over- 
tones. These  two  results  of  inductance  produce  very  serious 
deformations  of  current  waves,  and,  when  present  to  too 
great  an  extent,  render  the  transmission  of  speech  too  indis- 
tinct to  be  understood  at  all. 

Example. — What  is  the  impedance  of  a  coil,  whose  resistance  is 
130  ohms  and  inductance  .5  henry,  to  an  alternating  current  whose 
frequency  is  300  periods  per  second? 

Solution. — According  to  the  formula  for  the  impedance  of  a  cir- 
cuit possessing  only  resistance  and  inductance,  which  is,  impedance 

=  ^Ue*  +  (2 nn  L)\  we  get 

V(130)«  +  (2  X  3.1416  X  300  X  .6)*  =  951.4  ohms.    Ans. 

26,  Effect  of  Capacity. — A  condenser  placed  across 
a  telephone  circuit  produces  a  displacement  in  phase  in  the 
opposite  direction  from  that  produced  by  inductance.  The 
effects  produced  are  similar  to  those  produced  by  induct- 
ance, namely,  a  distortion  of  the  wave  and  a  reduction  of  the 
amplitude.  The  distortion  of  the  wave  is  caused  by  the 
unequal  effect  of  the  capacity  on  the  various  component 
waves  in  the  voice  currents.  The  waves  corresponding  to 
the  higher  overtones  are  given  a  smaller  lead  ahead  of  their 
impressed  electromotive  forces  than  those  corresponding  to 
the  lower  tones,  and  are  reduced  in  amplitude  to  a  less 
extent.  Contrary  to  the  case  of  inductance,  capacity  in  a 
circuit  possessing  only  resistance  and  capacity  serves  to  give 
the  current  waves  of  the  higher  overtones  a  smaller  phase 
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displacement  than  those  of  the  lower,  and  also  to  give  them 
a  smaller  proportional  reduction  in  amplitude. 

The  impedance  of  a  circuit  possessing  only  resistance  and 
capacity  is  expressed,  for  a  simple  sine  alternating  current 
having  a  frequency  of  «,  by  the  formula: 


Impedance  =^^^^(2^  (D 

in  which  C  is  the  electrostatic  capacity,  in  farads,  the  other 
letters  having  the  same  meaning  as  in  preceding  formulas. 
The  tangent  of  the  angle  of  lead  is  given  by  the  expression: 

tan  ^  =  iT--— ^-  (2) 

These  two  formulas  show  that  the  higher  overtones  in  a 
complex  wave,  such  as  would  be  caused  by  a  vowel  sound, 
for  instance,  are  reduced  less  in  amplitude  and  are  displaced 
less  than  are  the  lower  overtones;  for  evidently  the  current 
that  is  given  by  the  formula, 

/  = f— .^  (3) 

becomes   larger,   and   the   tangent   of   the    angle   of    lead, 

becomes  smaller  the  larger  n  becomes.     These 


\2::nCR)' 


two  effects  produce,  as  in  self-induction,  but  in  the  opposite 
direction,  very  serious  deformations  in  the  current  waves; 
and  are,  therefore,  very  detrimental  to  good  transmission  of 
articulate  speech. 

The  above  formulas  for  capacity  apply  to  circuits  in  which 
the  condensers  are  in  series  with  the  line  and  other  appa- 
ratus. Distributed  capacity,  which  cannot  be  treated  in  this 
manner,  produces  effects  that  will  be  considered  later. 

Condensers  are  only  used  in  telephone  circuits  where  it  is 
necessary  that  they  should  perform  some  particular  function, 
and  they  introduce  what  is  called  local  capacity  into  the 
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circuit,  but  this  is  usually  so  arrang^ed  as  not  to  be  detri- 
mental to  telephone  transmission. 

Example. — What  is  the  impedance  of  a  circuit  containing  a  non- 
inductive  resistance  of  100  ohms  and  a  condenser  of  2  microfarads 
capacity  to  an  alternating  current  whose  frequency  is  300  periods  per 
second? 

Solution. — First,  reduce  2  microfarads  to  their  equivalent  value 
in  farads.  One  farad  «  1,000,000  microfarads,  hence  2  micro- 
farads =  lootoofl  farad.      Substituting,   in  the  formula,   impedance 


V^***)'  +  (2x1^^0x2) '  -  283 ohms.    An». 

27.  Combiiieci  Effect  of  Resistance,  Inductance, 
and  Capacity. — For  any  given  frequency  of  an  alternating 
current,  the  effect  of  inductance  of  the  circuit  may  be  neutral- 
ized by  the  application  of  a  capacity  of  the  proper  value. 
That  this  is  true  may  be  seen  by  comparing:  Figs.  4  and  8. 
In  Fig.  4,  the  inductance  present  has  caused  the  active  elec- 
tromotive force  Ba  to  lag  about  30°  behind  the  impressed 
electromotive  force  £4.  In  Fig.  8,  the  electromotive  force 
due  to  capacity  has  caused  the  active  electromotive  force  to 
advance  in  phase  ahead  of  the  impressed  electromotive  force 
by  about  an  equal  amount.  By  properly  proportioning  the 
inductance  and  the  capacity  of  a  circuit,  the  electromotive 
force  of  inductance  may  be  made  to  neutralize  the  electro- 
motive force  due  to  the  condenser,  thus  allowing  only  the 
impressed  electromotive  force  to  be  active  in  driving  current 
through  the  circuit.  In  this  case,  the  impressed  electro- 
motive force  and  the  active  electromotive  force  are  the  same, 
and  the  current  is  in  phase  with  the  impressed  electromotive 
force,  as  it  would  be  were  no  inductance  or  capacity  present. 

This  can  also  be  shown  by  the  formula  for  the  impedance 
of  a  circuit  possessing  simple  resistance,  inductance,  and 
capacity.  For  an  alternating  sine  curve,  this  impedance  is 
expressed  as  follows: 

Impedance  =  J R*  +  I  InnL  -  -  -  7;)  (1) 

\  \  2nnC/ 
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and  the  tang^ent  of  the  ang^le  of  lag:  or  lead,  as  the  case  may 
be,  as  follows: 

tan  d  =  (^^  -  ,     ^^\  (2) 

These  formulas  assume  that  the  resistance,  inductance, 
and  capacity  are  all  in  series  with  the  line  and  apparatus. 
From  these  two  formulas,  it  is  quite  evident  that  the  impe- 
dance becomes  equal  to  the  simple  resistance,  and  there  is  no 

angle  of  lag  or  lead  when  (2;r«Z,  —  --    --)  =  O,     For  a 

given  circuit  having  a  definite  inductance  L  and  electrostatic 
capacity  C  it  is  quite  plain  that  this  expression  can  be 
exactly  equal  to  zero  for  only  one  particular  value  of  the 
frequency  n. 

In  a  circuit  possessing  resistance,  inductance,  and  capacity, 
the  current  may  be  found  by  the  formula: 

/=     ,  ^ ^  (3) 

This  is  based  on  the  assumption  that  the  current  wave  is  a 
sine  curve. 

In  overhead  lines,  and  especially  in  cables,  the  distributed 
capacity  effects  are  much  more  serious  than  those  due  to 
inductance,  but  in  the  apparatus  the  effects  of  inductance  are 
the  greater. 

While  it  is  desirable  to  have  a  reasonably  loud  sound  given 
by  the  receiver,  clearness  is  also  very  important,  perhaps 
more  so  than  loudness,  for  the  faintest  speech  is  readily 
understood  if  it  is  only  clear.  A  current  wave  co^^espc)ndinL^ 
for  instance,  to  a  consonant  sound,  is  very  complex,  and  to 
transmit  this  clearly  requires  the  preservation  of  all  the 
overtones  in  their  exact  original  relations  to  each  other  and 
to  the  fundamental,  both  in  amplitude  and  phase. 

The  inductance  of  a  coil  can  be  neutralized  by  a  condenser 

having  a  capacity  such  that  2  - ;/  L  =  -        — .     For  a  given 

2  A  ;/  c 

inductance  and  a  given  frequency,  the  condenser  must  have 
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a  certain  capacity;  for  any  other  capacity,  the  neutralization 
will  not  be  perfect.  If  the  frequency  is  changed,  the  capacity 
of  the  condenser  must  be  changed  to  perfectly  neutralize  the 
same  inductance.  The  neutralization  of  distributed  capacity 
by  inductance  coils  distributed  along  the  line  for  all  fre- 
quencies of  the  voice  currents  seems  to  contradict  the  above 
statement,  which  is  true  nevertheless.  Pupin  has  proved  that 
if  distributed  capacity  is  neutralized  by  inductance  coils  dis- 
tributed properly  along  the  line  for  a  frequency  of  about  600, 
which  is  nearly  the  highest  frequency  occurring  in  ordinary 
conversation,  that  the  neutralization  is  sufficiently  good  for 
all  lower  frequencies  to  greatly  improve  the  transmission 
over  long  line  and  cable  circuits. 

Example. — A  condenser  of  what  capacity,  in  microfarads,  must  be 
connected  in  series  with  a  telephone  beU  having  a  resistance  of  1,000 
ohms  and  an  inductance  of  8  henrjrs  in  order  to  give  a  minimum 
impedance  to  an  alternating  current  having  a  frequency  of  20  cycles 
per  second? 

Solution.— The  least  impedance  such  a  circuit  can  possess  is  the 
resistance  of  the  coil;  namely,  1,000  ohms.  To  get  such  an  impedance, 
the  capacity  and  inductance   must   neutralize  each   other;   in  other 

words,  2  TT «  Zr  —  s t-  must  equal  zero.    If  2  :r «  Z,  —  ^ -^  —  0, 

^  "  Tt^^^L  "  4X(3.1416)«X(20)«X8  "  -^^^^000792  farad 

or  7.92  microfarads.    Ans. 


DIRECT    AND    ALTERNATING    CURRENTS    IN    PORTIONS    OF 

THE    SAME    CIRCUIT 

28.  As  condensers,  inductance  coils,  and  non-inductive 
resistances  are  used  extensively  in  telephone  systems,  their 
action  on  direct  and  alternating  currents  should  be  under- 
stood. It  might  be  well  to  say  that  a  coil  wound,  in  one 
direction  only,  around  an  iron  core  possesses  inductance  and 
hence  acts  as  an  inductive  resistance,  whether  the  iron  core 
is  part  of  a  relay  or  any  other  electromagnetic  mechanism, 
or  is  simply  used  to  increase  the  inductance  of  the  coil. 
Furthermore,  the  total  opposition  called  impedance^  that  an 
inductance  coil  offers  to  an  alternating,  or  rapidly  flucuating, 
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rrcnt  increases  with  the  resistance,  number  of  turns,  and 

■ttetpiency  of  alternation.     Where  the  frequency  is  very  high 

and  the  resistance  very  low,  the  resistance  may  be  an  entirely 

negligible  part  of  its  impedance.     On  the  other  hand,  the 

-Steady  direct  current  that  will   flow  through  the  inductance 

soil  will  depend  on  its  resistance  and  not  on  its  inductance. 

'  A  condenser,  on  account  of  the  very  high  resistance  of 

s  insulating  sheets,  will  not  allow  a  direct  current  of  appre- 

lable  strength  to  flow  through  it,  but  is  said  to  allow  an 

ternating,  or  rapidly  fluctuating,  current,  such  as  is  pro- 

xd  when  telephoning,  to  flow  through  it.     This  does  not 

I  that  any  current  actually  flows  through  the  insulating 

wets  of  the  condenser,  bul  rather  that  the  plates  of  the 

mdenser  are  charged  and  discharged;  that  is,  the  charges 

1  the  plates  are  reversed  in  polarity  every  time  the  poten- 

I  is  reversed  at  the  condenser's  terminals  and  the  quantity 

hf  electricity  on  the  plates  changes  every  time  the  poten- 

ial  changes  in  value.     Whenever  there  is  a  change  in  the 

mount  or  polarity  of  the  charge  on  the  condenser  plates, 

me  electricity  rausl  flow  into  one  side  and  out  of  the  other 

Hde  of  the  condenser  and  through  the  circuit,  and  just  as 

pnch  electricity  must  flow  into  one  side  as  flows  out  of  the 

thcr;  that  is.  the  positive  charge   on  one  side  is  always 

tqual  to  the  negative  charge  on  the  other  side  of  the  ron- 

Moreover,  the  opposition  that  a  condenser  offers  to 

:  flow  of  an   alternating,  or   rapidly  fluctuating,  current 

rreases  as  its  capacity  and  the   frequency  increase.     In 

|i]ephone  drcuits,  it  will  not  generally  do  to  use  too  large  a 

ipacity.  because  the  voice  currents  become  so   much  dis- 

rtcd  in  form  as  to  become  indistinct,  even  though   their 

!aglb  tnay  not  be  appreciably  affected. 


KS9.    A  non-inductive  resistance  offers  e.-tactly  the  same 

nhlon  to  an  alternating,  or  rapidly  fluctuating,  current 

I  to  a  direct  current.     This  opposition  is  equal  to  its  resist- 

^  ance  only:   that  is,  the   frequency  has  no  influence  on  the 

strength  of  current  that  a  non-inductive  resistance  will  allow 

fl^to  flow   through   it.     The   usual    manner  of   representing 
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inductance^  choke^  retardaiiany  or  impedance  coils,  as  they  are 
variously  called,  is  shown  at  R  or  R''^  Figf.  9.  The  addition 
of  an  armature,  as  shown  at  R'^  makes  a  relay  or  other 
electromag^netic  device  out  of  it.  Non-inductive  resistances 
are  represented  as  at  r,  r'. 

The  direct  current  from  the  battery  B  will  flow  through 
R^  r,  which  are  in  parallel,  then  through  R' ,  r',  R^'  back  to 
the  battery.  The  alternating  current  generated  by  the  alter- 
nating-current dynamo  /?,  or  any  other  source  of  alternating 
currents,  as  the  secondary  winding  of  an  ordinary  telephone 
induction  coil,  will  flow  most  readily  through  r-C-b-O-D. 
Some  may  flow  through  R-R'  and  also  through  a-^B-^R^'-r' . 
But  if   the  frequency  of  the  current  and  the  inductances 


Pio.  9 

of  R,  /?^  /?''  be  made  sufficiently  great,  most  of  the  alter- 
nating current  will  flow  through  r  and  most  of  the  direct 
current  through  /?.  By  making  the  capacity  of  C  large 
enough,  practically  all  the  alternating  current,  if  not  too  low 
in  frequency,  will  pass  through  it  in  preference  to  passing 
through  R'^  and  all  the  direct  current  must  pass  through 
R'-b-^-R'^-B,  By  making  the  inductance  of  R"  large 
enough,  all  the  alternating  current  may  be  practically 
excluded    from    the    circuit   a-B-R"-r'-b, 

When  D  produces  a  positive  potential  at  a  and  a  negative 
potential  at  ^,  a  positive  charge  flows  to  the  plates  of  the  con- 
denser C  connected  toward  a  and  a  negative  charge  to  the 
side  of  O  connected  toward  e\  that  is,  a  current  then  flows 
momentarily  from  O  through  e-D-a-r  to  C     The  positive 


I 


I 
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charge  on  one  side  of  C  attracts  a  negative  charge  to  the 
other  side,  and  the  negative  charge  on  one  side  oif  C  attracts 
a  positive  charge  on  the  other  side  of  C;  hence,  a  current 
flows  momentarily  from  C  through  b  to  C.  When  D  reverses 
the  polarity  of  a  and  e,  the  polarity  of  the  charges  and  the 
direction  of  the  flow  of  the  currents  are  also  reversed.  When 
only  a  direct  current  is  flowing,  C  will  merely  remain  charged 
to  the  difference  of  potential  across  the  coil  R'\  there  will 
be  no  flow  of  charges  in  and  out  of  it  as  long  as  there  is  no 
change  in  the  strength  of  the  current  flowing  in  R'. 

30.  A  very  rapidly  fluctuating,  or  undulating,  direct 
current  may  be  considered  as  an  alternating  current  super- 
imposed on  a  direct  current.  As  a  matter  of  fact,  the 
direction  of  such  a  current  in  a  circuit  does  not  change;  but 
the  rapid  variations  in  its  strength  are  readily  transmitted 
through  a  non-induclive  resistance  or  condenser,  while  only 
the  steady  portion  of  the  current  can  readily  pass  through  an 
inductive  resistance.  Hence,  a  condenser  or  non-inductive 
resistance  in  parallel  with  an  inductive  resistance  will  allow 
the  transmission  of  a  very  rapidly  fluctuating  direct  current 
through  the  combination,  because  the  fluctuating  portion 
may  be  considered  as  being  transmitted  through  the  con- 
denser or  non-inductive  resistance,  and  the  steady  portion 
through  the  inductive  resistance.  For  such  purposes,  the 
aon-indnctive  resistance  will  usually  be  relatively  high  and 
the  inductive  resistance  relatively  low. 


ELECTRICAL  PROPERTIES  OF  TELEPHONE  LINES 
31.  lE4^slsInn<-(?. — The  resistance  of  a  telephone  circuit 
bas  two  components:  first,  the  resistance  of  all  apparatus  con- 
nected in  the  circuit;  and  second,  the  resistance  of  the  line 
wire  itself.  The  resistance  of  the  line  wire  may  be  deter- 
mined from  tables  or  by  direct  measurements.  A  moderate 
amount  of  resistance  does  not  in  itself  seriously  interfere  with 
telephone  transmission;  but  resistance  in  combination  with 
electrostatic  capacity  may  impose  a  very  serious  obstacle. 
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In  many  of  the  toll  lines,  and  especially  party  lines  havingf 
instruments  connected  in  multiple,  the  resistance  of  the  line 
wire  often  seriously  affects  the  ringing  of  the  call  bells  at 
distant  stations,  thus  limiting  the  number  of  instruments 
that  can  be  placed  on  a  line,  or  rendering  exceptionally 
powerful  generators  necessary.  Of  course,  this  difficulty  is 
met  with  to  the  greatest  extent  where  those  toll  lines  are 
constructed  of  iron,  as  an  iron  wire  possesses  practically  six 
times  as  great  a  resistance  as  a  copper  wire  of  the  same 
size.  In  this  connection,  it  may  be  stated  that  no  more  than 
ten  1,000-ohm  bells  should  be  connected  in  parallel  across 
a  line  circuit,  if  the  resistance  of  the  line  wire  itself  is  more 
than  1,000  ohms. 

32.  Insulation. — The  insulation  of  a  line  is  the  degree 
to  which  the  line  is  insulated  from  the  groimd  or  from  other 
conductors.  If  the  resistance  measured  through  the  insu- 
lating materials  from  the  line  wire  to  the  ground  or  to  other 
conductors  is  very  high,  the  insulation  is  said  to  be  good;  if 
very  low,  it  is  said  to  be  poor.  A  properly  constructed 
aerial  telephone  line  should,  in  dry  weather,  have  an  insula- 
ting resistance  of  from  2,500  to  3,000  megohms  per  mile. 
This  means  that  the  resistance  of  all  the  leakage  paths  from 
a  line  wire  (not  purposely  grounded)  to  other  conductors 
gnd  to  the  ground  measures  from  2,500  to  3,000  megohms 
for  1  mile  of  wire.  In  damp  weather  it  may  drop  to  a  few 
hundred  thousand  ohms  per  mile.  Of  course,  all  leakage  on 
a  telephone  circuit  forms  a  by-path  through  which  a  part  of 
the  current  flows,  thus  reducing  the  amplitude  of  the  wave 
that  reaches  the  distant  end  of  the  line.  Leakage  in  itself 
does  not  tend  to  destroy  clearness,  but  only  to  reduce  the 
loudness.  The  advantages  to  be  obtained  by  very  high 
insulation  on  long  lines  are,  in  a  measure,  offset  by  the  fact 
that  a  certain  amount  of  leakage  tends  to  reduce  the  con- 
denser action  between  the  two  sides  of  the  line  by  allowing 
the  static  charges  to  leak  across  and  thus  prevent,  in  some 
measure,  the 'injurious  effects  of  capacity  on  the  form  of  the 
waves.     This  accounts  for  the  fact  that  certain  telephone 
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lines  apparently  work  better  in  wet  weather  than  in  dry,  a 
fact  that  is  very  puzzling  to  explain  until  viewed  from  this 
standpoint. 

An  increase  in  the  moisture  in  a  cable  increases  its  elec- 
trostatic capacity;  hence,  a  rise  in  the  capacity  of  a  cable 
conductor  is  a  pretty  sure  indication  that  the  insulation  is 
deteriorating^  on  account  of  a  defective  joint  or  hole  in  the 
lead  sheath  through  which  moisture  is  being  absorbed. 

33.  Inductance. — The  inductance  of  a  telephone  cir- 
cuit is  almost  entirely  concentrated  in  the  electromagnets 
connected  in  its  circuit,  and  its  effects  are,  therefore,  so  far 
as  the  line  wire  is  concerned,  but  slight,  and  may,  when  a 
line  is  properly  constructed,  be  neglected.  It  has  been 
shown  that  inductance  tends  to  increase  the  apparent 
resistance  of  a  circuit  to  alternating  currents,  this  increase 
of  apparent  resistance  being  due  to  the  electromotive  force 
of  self-induction,  which  tends  to  oppose  the  electromotive 
force  impressed  on  the  line,  and,  therefore,  to  cut  down  the 
current  flowing,  in  much  the  same  way  as  an  increase  in 
ordinary  resistance  would  do.  It  has  been  found,  by  experi- 
ment, that  the  inductance  of  complete  metallic  line  circuits  of 
copper  makes  the  impedance  but  little  greater  than  the 
resistance.  Since  inductance  tends  to  neutralize  the  bad 
effects  of  capacity,  an  increase  in  the  inductance  of  line 
circuits  is  desirable.  For  this  reason,  the  copper  conductors 
in  some  recent,  short,  submarine,  telephone  cables  have  had 
small  iron  wires  twisted  spirally  around  them,  so  as  to 
increase  their  distributed  inductance.  The  beneficial  effect 
produced  in  this  manner  is  only  available  on  heavy  conductors 
with  a  large  cross-section  and  low  resistance.  Otherwise, 
the  iron  wires  increase  the  diameter  and  capacity  of  the  cable 
more  than  they  increase  the  inductance.  On  some  cables, 
the  use  of  iron  wire  around  the  copper  conductor  is  said  to 
have  increased  the  quality  of  transmission  about  8  per  cent, 
or  more. 

34.  Distributed  Capacity. — The  great  enemy  in  long- 
distance telephone  transmission  is  distributed  capacity;  that 
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is,  the  capacity  of  the  line  circuit  itself.  Over  10  years  ago, 
Mr.  Heaviside  proved,  mathematically,  that  the  defects  due  to 
distributed  capacity  could  only  be  remedied  by  distributed 
inductance  and  that  the  insertion  of  inductance  coils  in  a  line 
should  improve  the  articulation.  But  until  Prof.  M.  I.  Pupin 
took  hold  of  this  problem,  all  experimental  attempts  to 
profit  thereby  were  failures.  To  the  latter  is  due  the  credit 
of  proving,  experimentally,  that  Heaviside's  theory  was 
correct,  and  that  by  properly  designing  and  locating  the 
inductance  coils  in  a  line  circuit  the  distorting  effect  of  dis- 
tributed capacity  can  be  neutralized  by  these  distributed 
inductance  coils  and  that  more  distinct  conversation  can  be 
held  not  only  over  very  much  greater  distances,  but  also 
over  smaller  wires. 

Every  telephone  line  may  be  considered  as  one  plate  of  a 
condenser.  If  the  circuit  is  a  grounded  one,  the  single  line 
wire  corresponds  to  one  plate  of  the  condenser,  the  insu- 
lation or  atmosphere  to  the  dielectric,  and  the  earth,  or 
surrounding  conductors,  to  the  other  plate.  If  the  circuit  is 
metallic,  one  of  the  wires  forms  one  plate  of  the  condenser, 
the  air  between  the  two  wires  being  the  dielectric,  and  the 
other  wire  forms  the  other  plate.  The  capacity  of  a  line  is  dis- 
tributed throughout  its  entire  length,  and  is  therefore  termed 


2 


Fig.  10  ^ 

distributed  capacity;  each  element  or  short  piece  of  the  line 
wire  may  be  considered  as  forming  one  plate  of  a  condenser, 
the  other  plate  of  which  is  formed  by  corresponding  portions 
of  surrounding  conductors.  The  line  circuit  may  therefore 
be  considered  as  an*  infinite  number  of  small  condenser 
plates,  each  acting  on  alternating  currents  flowing  over  the 
line,  according  to  the  laws  already  pointed  out  in  the  con- 
sideration of  alternating  currents. 

35.     The   action  of   distributed   capacity  may  be  made 
more  clear  by  considering  a  number  of  condensers  bridged 
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,  metallic  circuit,  as  shown  in  Fig.  10,  instead  of  con- 
r^ering  each  successive  element  of  the  line  wire  as  a  portion 
of  a  separate  condenser.  IE  the  electromotive  force  of  the 
eenerator  G  placed  across  the  line  circuit  at  one  end  is  sud- 
denly raised,  current  will  be  sent  over  the  line,  a  portion  of 
flowing:  into  each  condenser,  the  condenser  plates  keeping  at 
le  same  potentials  as  those  points  of  the  wire  to  which  they 
re  connected.  Condenser  1  will  receive  the  greatest  portion 
[  the  charge,  because  it  is  subjected  to  the  highest  diiier- 
nce  of  potential.  Condenser  2.  owing  to  the  resistance  of 
le  line  wires  between  1  and  2,  will  be  subjected  to  a 
iighlly  smaller  difference  of  potential,  and  hence  will  receive 
slightly  smaller  charge,  and  so  on  throughout  the  entire  num- 
Br,  the  current  flowing  into  each  condenser  and,  of  course, 
etracting  from  the  amount  flowing  into  the  more  distant 
onions  of  tlie  line.  If  ihe  electromotive  force  continues 
ing  enough  in  that  direction,  a  sufficient  quantity  of  current 
|]1I  flow  through  the  Hue  to  charge  all  the  condenser  plates 
%  the  fall  amount;  but  if  the  electromotive  force  continues 
nly  long  enough  to  allow  sufScient  current  to  flow  through 
K  line  to  charge  condenser  i,  the  charge  in  each  successive 
ondenser  being  less  and  less,  the  last  few  condensers  will 
sceive  practically  no  charge. 

When  it  is  slated  thai  condenser  1  will  be  charged  before 
tindenser  2,  it  must  not  be  imagined  that  this  slowness  on 
le  part  of  2  in  talcing  its  charge  is  due  to  the  speed  at  which 
B  electric  wave  may  travel  along  a  conductor.  This  speed 
lay  be  equal  to  that  of  light,  186,00(1  miles  per  second,  and 
b  the  longest  line  obtainable,  the  time  necessary  for  an 
tectrtc  impulse  to  flow  through  it  may  be  almost  too  small 
}  measure.  It  should  rather  be  looked  at  in  the  following 
jht;  The  amount  of  electricity,  in  coulombs,  that  will  flow 
Irotigh  a  conductor  depends  on  the  number  of  amperes 
owing  and  on  the  length  of  time  the  current  continues  to 
ow.  The  charge  of  a  condenser  may  be  measured  in 
coulombs,  I  coulomb  being  that  amount  of  electricity  repre- 
sented by  a  flow  of  1  ampere  for  1  second.  Obviously,  here 
Is  a  time  clement  that  is  not  dependent  on  the  actual  velocity 
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of  electricity.  If  1  ampere  flows  into  a  condenser  for 
i  second,  the  charge  assumed  by  the  condenser  durins;  that 
time  will  be  i  coulomb,  and  in  i  second  will  be  i  coulomb. 
Similarly,  the  amount  of  electrical  energy  that  can  flow 
through  a  conductor  depends  on  the  strength  of  the  current, 
the  voltage,  and  the  time  of  the  flow. 

36.  If  at  a  given  instant  an  electromotive  force  in  one 
direction  is  impressed  on  such  a  line  as  is  shown  in  Fig.  10, 
there  will  be  a  rush  of  current  into  the  line  Wire  that  will 
tend  to  charge  the  condensers;  the  potential  at  the  terminals 
of  condenser  1  will  be  greater  than  that  at  the  terminals  of 
condenser  2,  and  similarly,  that  at  2  will  be  greater  than  that 
at  3y  and  so  on,  this  difference  of  the  potential  across  the 
various  condenser  terminals  being  due  to  the  drop  caused  by 
the  ohmic  resistance  of  the  line  wire.  Condenser  1  will, 
therefore,  take  the  greater  charge,  condenser  2  a  somewhat 
smaller  charge,  and  so  on  through  each  successive  condenser. 
If  condensers  I,  2,  ^,  and  4  have  the  capacity  to  take  a  certain 
amount  of  charge  when  subjected  to  the  potentials  mentioned, 
and  the  electromotive  force  impressed  on  the  line  acts  only 
long  enough  to  allow  that  amount  of  current  to  flow  from  the 
source,  and  then  reverse,  it  is  evident  that  condensers  1, 2, 5, 
and  4  will  each  take  their  respective  charges,  and  the  small 
amount  of  electricity  that  flowed  from  the  generator  is 
insufficient  to  charge  the  condensers  beyond.  There  will, 
therefore,  be  no  appreciable  flow  of  current  in  the  line  wires 
beyond  condenser  4,  for  on  the  reversal  of  the  electromotive 
force,  the  charges  of  the  various  condensers  will  merely  flow 
back  to  the  source.  It  is  not  difficult  to  see,  therefore,  that 
a  rapidly  alternating  electromotive  force  may  be  impressed 
on  one  end  of  such  a  line  without  any  of  the  current  impulses 
ever  reaching  the  other  end,  the  time  between  the  successive 
impulses  being  insufficient  to  allow  a  sufficient  quantity  of 
electricity  to  flow  through  the  line  to  charge  all  the  condenser 
plates.  If,  now,  each  small  portion  of  the  line  wire  be  con- 
sidered as  a  condenser  plate,  it  will  be  seen  that  the  effect 
will  be  practically  the  same  as  that  illustrated  in  Fig.  10. 
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37.  The  CR  Law. — The  lengfth  of  time  necessary  for  an 
iptilse  of  current  to  reach  the  distant  end  of  a  line  depends 

not  only  on  the  distributed  capacity  of  the  line,  but  on  the 

resistance  of  the  line  wire  itself.     It  has  been  proved  by 

cxteosive  experiments  in  telegraphy  that  the  length  of  time 

recguired  for  a  current  to  reach  its  maximum  at  the  distant 

end  o(  the  line  varies  directly  as  the  product  of  the  capacity 

if  tile  line  and  its  resistance.     Mr.  Preece,  chief  electrician 

if  the  British  Post-Office  Department,  has  applied  this  rule 

telephony  in  the  following  manner:    If  the  product  of  the 

pacity,  in  microfarads,  and  the  resistance,  in  ohms,  of  a 

ippcr  circuit  exceeds  15,000,  telephonic  transmission  over 

lat  circuit  is  impossible.     This  rule  he  based  on  the  fact 

lat  for  the  average    frequency  of  telephone   transmission, 

le  impulses  of  current  would  not  have  had  time  to  reach  the 

rthest  end  of  the  line,  and  those  impulses  corresponding 

the  lower  frequencies  would  be  so  unduly  distorted  as  to 

render  the  results  unintelligible.     While  there  seems  to  be 

little  doubt  but  that  the  CK  T-aw  should  be  applicable  to 

telephony  as  well  as  to  telegraphy,  there  is  much  doubt  as 

to  the  correctness  of  Mr.  Preece's  constant,  15.000. 

In  fact,  it  has  been  proved  in  this  country,  time  and  again, 
that  good  transmission  may  be  had  over  lines  whose  CR 
net  greatly  exceeds  15,000,  causing  the  CR  law,  when 
iplied  to  telephony,  to  fall  into  disrepute.  The  fact  remains, 
lowever,  that  the  product  CR  has  a  direct  influence  on  the 
difficulty  with  whieh  speech  may  be  transmitted,  and  it  is 
therefore  well  to  bear  in  mind  that  in  the  design  of  telephone 
circuits  this  product  should  be  kept  as  low  as  possible. 

38,  The  electrostatic  capacity  of  overhead  wires,  sus- 
pended at  a  height  of  about  30  feet  above  the  ground,  is 

iproxitnately  as  shown  in  Table  I. 

The  electrostatic  capacity  of  an  overhead  wire  will  depend 
the  number  and  proximity  of  other  wires,  and  especially 
if  any  of  the  neighboring  wires  are  grounded.  Where  there 
are  a  number  of  grounded  circuits  on  the  same  pole  line,  the 
electrostatic  capacity  will  be  higher.      It  will  also  vary  with 
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the  numl>er  of  insulators  per  mile  and  the  moisture  on 
them.  When  one  overhead  wire  is  grounded  at  one  end 
only  (insulated  at  the  other  end)  the  capacity  is  twice  as 

TABIiB  I 


Number 

Diameter 

• 
Capacity,  in  Microfarads  per  Mile, 
30  Feet  Above  Ground 

and 

Gauge 

Inches 

Between  One  Wire  and 
Ground 

(Grounded  at  Both  Ends) 

Wire  to  Wire, 
12  Inches  Apart 

I 

2 

3 

4 

8B.&S. 

.128 

.00958 

.00854 

9B.&S. 

.114 

.00946 

.  .00835 

loB.&S. 

.102 

.00935 

.00818 

12B.&S. 

.0808 

.00913 

.00785 

14B.&S. 

.0641 

.00892 

•00754 

16B.&S. 

.0508 

.00871 

.00726 

12B.W.G. 

.109 

.00942 

.00828 

14B.W.G. 

.0830 

.00915 

.00788 

great  as  when  both  ends  are  grounded,  that  is,  twice  as  great 
as  the  capacity  given  in  column  3,  Table  I.  When  a  high 
inductance,  such  as  a  high  resistance  (1,200-ohm)  bridging 

TABIiB  II 


Height  of  Wire  Above 
Ground 

Feet 

Capacity 

Microfarads 
per  Mile 

Inductance 

Henrys 
per  Mile 

10 
20 

30 
40 

.01060 
.009796 

.009379 
.009105 

.002796 
.003P19 
.003149 
.003242 

bell,  is  connected  between  the  end  of  the  line  and  the  ground, 
the  capacity  for  high-frequency  currents  will  be  very  nearly 
as  great  as  when  the  end  is  insulated. 
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The  capacit7  and  inductance  of  one  copper  wire,  .104  inch 
in  diameter,  weighine  173  pounds  per  mile,  with  both  ends 
erounded  is  given  in  Table  II. 

TABLE  m 


Hcigbt 

Above 

GrouDd 

Feet 

Capacity  Be- 
tween Wire 

Grounded  at 
Both  Ends 
and  the 
Ground 
Microfarads 
per  Mile 

Capacity  Be- 
tween Two 

Wires   (Dis. 

tanl  Ends 

Open) 

Microfarads 

per  Mile 

Inductance 
of  One  Wire 
Grounded  at 
Both  Ends 
Henrys 
per  Mile 

Mutual  In- 
ductance of 
Two  Wires 
Connected 
Together  at 
Distant  End 
Henrys 
per  Mile 

30 

.01171 
.01150 

.004732 
.004936 

.0030 1  g 
.003149 

.001187 

.001318 

The  capacity  and  inductance,  when  two  grounded  circuits 
of  copper  wire,  .104  inch  in  diameter,  are  suspended  at  the 
same  height  and  1  foot  apart,  are  given  in  Table  III. 

The  increase  of  capacity  between  one  wire  and  ground, 
due  to  the  adjacent  grounded  circuit,  is  .01171  —  ,009796 
(see  Table  II)  =  .001914,  or  19.6  per  cent,  at  a  height  of 
20  feet,  and  .0115  -  .009379  =  .002121,  or  22.6  per  cent,  at  a 
height  of  30  feet. 

TABLE  IV 


Separation 

Capacity 

Inductance 

Inches 

Henrys  per  Mile 

10 

.008503 

.003546 

12 

.008218 

.003663 

14 

.007992 

.1J03762 

16 

.007806 

.003848 

18 

.007649 

.003924 

The  capacity  and  inductance  of  metallic  circuits  of  copper 
wire,  .104  inch  in  diameter,  for  various  separations  are  given 
in  Table  IV. 
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Note. — ^As  the  electrostatic  capacity  of  bare  overhead  and  cable 
conductors  can  be  computed  only  by  formulas  involving  logarithms, 
a  knowledge  of  which  has  not  been  considered  necessary  in  order  to 
pursue  this  subject,  the  rest  of  this  Section  may  be  omitted.  However, 
tor  the  benefit  of  those  who  may  understand  that  subject,  the  two 
formulas  that  were  used  to  calculate  Table  I  are  g^ven. 

39.  The  electrostatic  capacity  of  a  single  wire  of  length  / 
and  diameter  ^  at  a  height  h  in  the  air  above  the  ground, 
when  grounded  at  both  ends,  may  be  theoretically  calculated 
by  the  formula: 

C  =  —^7~^  microfarads  ( 1 ) 

The  electrostatic  capacity  of  two  parallel  wires,  each  of 
length  /  and  diameter  ^  at  a  distance  h  from  each  other,  may 
be  theoretically  calculated  by  the  formula: 

C  =  iPl^X^X  ^microfarads         (2) 


logt« 


(¥) 


In  these  two  formulas,  /  must  be  expressed  in  miles, 
because  the  constant  is  based  on  that  unit;  but  h  and  d  may 
be  expressed  in  any  units  of  length,  provided  that  both  are 

expressed  in  the  same  units,  because  -  is  merely  a  ratio. 

a 

For  instance,  the  value  of  the  ratio  is  the  same  whether'^ 

and  d  are  both  expressed  in  feet  or  both  in  inches.    K  is  the 

inductivity  of  the  dielectric  filling  the  space  between  the  two 

wires;  and  for  a  bare  overhead  line  A^  =  1.    Values  calculated 

by  these  formulas  agree  closely  enough  with  results  obtained 

for  bare  overhead  wires  by  actual  measurement.     The  effect 

of  adjacent  circuits  is  to  increase  the  effective  capacity  of  a 

line  as  determined  by  the  above  formulas. 

40.  If  the  two  parallel  wires  of  a  metallic  circuit  have  an 
insulating  covering,  in  addition  to  being  suspended  a 
distance  apart  in  air,  the  capacity  is  slightly  increased  by 
the  greater  inductivity  of  the  insulating  covering.  If  the 
wires  are  of  diameter  d,  the  insulating  covering  of  diameter^,, 
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at  a  distance  h  from  each  other,  and  the  inductivity  of  the 
insulating  covering:  is  K,  the  leng^th  in  miles  /,  the  capacity, 
in  microfarads,  is  gfiven  by  the  formula: 

^  ^  .0194  X  /  (I) 

The  mutual  capacity  C,  in  microfarads,  between  two  two- 
wire  metallic  aerial  circuits,  of  length  /  in  miles,  one  circuit 
consisting  of  wire  of  diameter  ^«  and  the  other  of  wire  of 
diameter  ^*,  is  given  by  the  formula: 

.15536  log..  ^^'^  X  / 
C  =  TiXj;* (2) 

16 log.,^/?  X  log.o^*  -  (2  log..  ?AX-?l*y 

The  distances  r.,  r„  r„  r*,  r„  r,  are  shown  in  Fig.  11. 

These  formulas  are  correct  for  wires  of  magnetic  or  non- 
magnetic material.  The  presence  of  the  earth  beneath  an 
aerial  metallic  circuit  increases  the  capacity  very  slightly, 
less  than  a  fraction  of  1  per  cent.,  if  the  wires  are  above  the 
earth  a  distance  at 

least  several  times   ^^''^^'  ^T""**  ^^ 

the  distance  between  y"  \  |   \ 

them.     The  assump-  t^     \n    U      \ 

tion   made   in  the  \      ^l  v 

deduction  of  the  for-  y       I     \^  ^ 

mulas  for  electro-  \     |  \\ 

static  capacity  is  that  \j^  ^\^ 

there  are  no  other  ^^^^-^    •  *"•       ^ 

.,         .  Fig.  11 

Wires  m  the  imme- 
diate vicinity  of  those  being  considered.  The  effect  of  adja- 
cent circuits  is  to  increase  the  effective  capacity  of  a  line. 
For  a  pair  of  conductors  in  a  telephone  cable,  the  formula 
would  be  too  complicated  to  be  of  any  practical  value  (even 
if  one  could  be  derived),  on  account  of  the  influence  of  neigh- 
boring conductors  and  the  grounded  lead  sheath. 
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The  formula  for  the  inductance  of  a  single  aerial  wire, 
composing  a  grounded  circuit,  is: 

/.08047  +  .7411  log..  — \ 

'  -  \ 50= '-)       <«> 

where  L  =  inductance  per  mile,  in  henry s; 
h  =  height  of  wire  above  earth; 
r  =  radius  of  wire. 

h  and  r  should  be  expressed  in  the  same  units.  The 
inductance  of  a  two-wire  aerial  metallic  line  may  be  expressed 
by  the  formula: 

/.1609  +  1.482   log.o  -\ 

where  L  =  inductance  per  mile  of  the  line  circuit,  in  henrys; 
d  =  distance  between  centers  of  two  wires; 
r  =  radius  of  either  wire. 

d  and  r  should  be  expressed  in  the  same  units.  Both  of 
the  above  formulas  are  for  wires  made  of  non-magnetic 
material.  The  inductance  of  iron  or  steel  wire  is  greater 
than  that  of  copper  wire  of  the  same  size.  The  effect  of  the 
earth  on  the  inductance  of  a  metallic  circuit  is  less  than  a 
fraction  of  1  per  cent,  if  the  wires  are  above  the  earth  a  dis- 
tance greater  than  two  or  three  times  the  distance  between 
them.  The  inductance  is  decreased  by  the  presence  of  the 
earth.  These  formulas  assume  that  there  are  no  magneti- 
zable substances  within  a  distance  of  the  circuits  less  than 
several  times  the  distance  between  the  wires  of  a  pair,  or  the 
height  of  a  wire  above  the  earth. 

The  mutual  inductance  M  between  two  two-wire  metallic 
aerial  circuits  is  given,  in  henrys  per  mile,  by  the  formula: 

.7411    log,o    -'-^^ 
^= ^Q,    "'  ^  "'  (5) 

in  which  the  distances  r„  r„  r„  and  r,  are  the  same  as  in 
Fig.  11. 
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If,  in  formulas  2  and  5,  the  distances  are  such  that  r.  X  r. 
=  r,  X  r«,  C  and  Af  become  equal  to  zero;  therefore,  it  is 
possible  to  arrang^e  two  two-wire  metallic  circuits  so  that 
there  shall  be  no  electrostatic  or  electromagnetic  interference 
between  the  two  circuits;  in  other  words,  tfiere  would  be  no 
cross-talk,  which  will  be  explained  later,  between  two  circuits 
so  arranged. 


TELEPHONE  RECEIVERS 


COMMERCIAL  TYPES  OF  TELEPHONE 

RECEIVERS 


MAGNETO-TEI.EPHONE8 

1.  By  a  magneto-telephone  is  meant  that  class  of 
instniment  originated  by  Bell,  the  essential  parts  of  which 
are  a  permanent  magnet  carrying  one  or  more  coils  at  its 
extremity  or  extremities,  a  diaphragm  of  magnetic  material 
mounted  in  proximity  to  the  poles  of  the  magnet,  and  a 
suitable  casing  and  framework  binding  the  whole  structure 
rigidly  together.  Such  instruments  are  now  used  almost 
entirely  as  receivers,  although  they  may  also  be  used  as 
transmitters. 

2.  Importance  of  Mechanical  Details. — A  receiver 

may  be  formed  from  almost  any  permanent  magnet  having 
a  coil  of  insulated  wire  about  it  and  associated  with  a  light 
soft-iron  armature;  in  fact,  apparatus  designed  for  entirely 
different  purposes  have  often  been  found  to  work  as  receivers. 
But  for  commercial  service,  a  receiver  should  be  made  with 
fully  as  much  reference  to  perfection  in  mechanical  construc- 
tion as  to  electrical  efficiency. 

3.  Classification. — Commercial  telephone  receivers 
may  be  divided  into  two  general  classes;  namely,  siyijs^le-poU 
and  double-pole,  or  bipolar.  In  the  former,  a  permanent 
magnet  is  so  arranged  as  to  present  one  pole  only  to  the 
vibrating  diaphragm;  while  in  the  latter  class,  the  permanent 
magnet  is  of  substantially  a  horseshoe  form,  thus  presenting 

CoPfrighied  by  /ni€rno(umal  Textbook  Company.    Entered  at  Stationers"  //all,  London 
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.  both  poles  to  the  diaphragm.  A  third  class  might  be  added 
embracing  multipolar  receivers,  which  would  include  all  those 
having  permanent  magnets  presenting  more  than  two  poles 
to  the  diaphragm.  Many  attempts  have  been  made  to 
improve  the  efficiency  of  the  receiver  by  thus  multiplying 
the  number  of  poles,  but  these  have  not  proved  very  success- 
ful, and  have  act  been  extensively  used. 
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4,  Bell  SinRle-Pole  Receiver, — The  single-pole 
receiver  extensively  used  for  years  by  the  American  Bell 
Telephone  Company  in  the  United  States,  is  shown  in  Fig.  1. 
J/  is  a  compound  magnet  composed  of  two  pairs  of  perma- 


nently magnetized  steel  bars  with  like  poles  together.  These 
pairs  of  bars  have  clamped  between  them  at  one  end  a  soft- 
iron  pole  piece  P,  and  at  the  other  end  a  block  O,  also  of  iron. 
The  parts  of  the  pole  piece  P  and  of  the  block  0  that  lie 
between  the  pairs  of  magnets  are  flattened  in  such  manner 
as  to  present  a  large  contact  surface  to  the  magnets  that  rest 
against  them.  The  projecting  end  of  the  pole  piece  P  is 
cylindrical  and  has  wound  on  it  a  coil  C  of  fine,  insulated, 
copper  wire,  usually  No.  38  B.  &  S.  gauge.  The  magnet 
and  its  coil  are  incased  in  a  shell  of  hard  rubber  composed 
of  three  parts,  E,  F,  and  G.  Between  E  and  F,  which  screw 
together  in  the  manner  shown,  is  clamped  a  soft-iron  dia- 
phragm D,  the  space  between  the  diaphragm  and  the  pole 
piece   being   about   i^t   inch.     This  diaphragm   is  stamped 
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from  ferrotype  metal,  such  as  is  used  by  photographers  in 
making  tintypes.  This  metal  is  rolled  from  a  very  fine 
quality  of  iron,  the  thickness  being  from  .009  to  .011  inch. 
Two  binding  posts  B,  B  are  secured  to  the  tail-piece  G  of  the 
shell,  and  these  are  connected  by  heavy  wires  w,  w  to  the 
terminals  of  the  coil  C  The  screw  H  passing  through 
the  tail-piece  engages  a  tapped  hole  in  a  cylindrical  exten- 
sion of  the  block  O,  thus  holding  the  tail-piece  G  in  position 
against  the  shell  /%  and  also  firmly  securing  the  magnets  M 
to  the  rear  end  of  the  shell.  Before  putting  the  tail-piece  in 
position,  the  binding  posts  B^  B  are  secured  in  place  on  it  by 
the  small  nuts,  as  shown,  after  which  the  leading-in  wires  w,  w 
are  firmly  soldered  to  the  inside  ends  of  these  posts.  These 
wires  are  then  cut  to  the  proper  length  and  pushed  through 
the  tube  of  the  shell  as  the  tail-piece  is  placed  in  position. 
The  fine-wire  terminals  of  the  coil  C  are  then  wrapped 
around  the  ends  of  the  leading-in  wires  and  soldered.  The 
resistance  of  the  coil  of  this  receiver  is  75  ohms. 

5.  Mecbanical  Defects. — The  fact  that  this  receiver 
was  almost  universally  used  by  the  American  Bell  Tele- 
phone Company  for  many  years  has  proved  that  it  is  capable 
of  giving  good  and  long-continued  service;  it  is,  however, 
subject  to  several  inherent  faults,  of  a  mechanical  nature, 
that  greatly  impair  its  efficiency  at  times  and  cause  much 
trouble.  The  principal  one  is  due  to  the  fact  that  genuine 
or  imitation  hard  rubber  and  steel  expand  and  contract  under 
the  influence  of  heat  or  cold  at  very  different  rates.  This 
causes  the  distance  between  the  pole  piece  and  the  diaphragm 
to  vary  with  changes  in  temperature,  sometimes  to  such  an 
extent  as  to  noticeably  affect  the  talking  qualities  in  the 
instrument.  In  cold  weather,  it  not  infrequently  happens 
that  the  diaphragm  will  be  drawn  up  against  the  pole  piece, 
thus  rendering  the  receiver  totally  inoperative.  This  is 
technically  known  as  freezing.  The  various  methods  that 
have  been  used  to  eliminate  the  trouble  due  to  unequal 
expansion  of  the  shell  and  magnet  will  be  apparent  from  the 
following  illustrations  and  descriptions  of  receivers. 
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Bipolar  receivers  are  very  extensively  used  in  all  parts  of 
the  world,  and  in  the  United  States  have  almost  entirely 
replaced  the  single-pole  instrument. 
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6.  Bell  Pony  Receiver. — The  bipolar  receiver,  exten- 
sively used  by  the  Bell  Company,  is  shown  in  Fig.  2.  The 
magnet  M  is  composed  of  two  bars  of  magnet  steel,  approx- 
imately 4  inches  in  length,  secured  to  a  small  cylindrical 
iron  block  at  their  rear  ends  by  a  bolt,  as  shown.  Opposite 
poles  of  the  magnet  are  placed  together,  thus  making  the  two 
bars  form  a  complete  horseshoe  magnet,  the  poles  being  at 


Pio.  2 

the  two  free  ends.  Between  the  polar  ends  of  this  horseshoe 
magnet  is  clamped  a  b^^ass  adjustment  block  A^of  the  form 
shown  in  the  lower  part  of  Fig.  2.  On  the  outside  of  the 
polar  extremities  of  the  magnet  are  clamped  two  soft-iron 
pole  pieces  P,  P,  which  are  secured  to  the  magnet  by  the 
same  bolt  B  that  clamps  the  magnets  to  the  block  K.  On 
the  flat  pole  pieces  are  forced  brass  or  German-silver  washers 
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tapted  lo  fit  tightly  in  place,  and  thus  retaiD  their  position. 
B  this  manner,  (he  spouls  arc  formed  on  which  the  wire  of 
[be  coils  is  wrapped.  Before  wrapping  on  the  wire,  however, 
|he  spool  ia  thoroughly  insulated  with  paper,  which  is  fast- 
ined  around  the  core  and  to  the  inside  of  metal  heads  with 
diellac. 

The  shell  is  of  two  pieces  A  and  B,  which  clamp  the  dia- 
tbraem  D  between  them  in  the  usual  manner.     In  the  piece  .7 
|ft(  the  shell  is  cut  an  internal  screw  thread  into  which  the 
■ew  thread  on  the  brass  block  A"  fits.     The  block  is  turned 
rilhin  Ibe  shell  .-/  until  the  proper  adjustment  between  the 
Biapbracm  and  the  pole  pieces  is  obtained,  and  is  secured  in 
Ibal  position  by  a  pin  p  that  pat^ses  through  the  shoulder  on 
;  block  and  into  the  hard  rubber,  as  shown.     This  maiii- 
e  adjustment  permanent  and  prevents   meddlesome 
arsons  from  unscrewing  the  magnets.     The  rear  end  of  the 
lagnet  is  not  supported  in  the  shell,  and  inasmuch  as  the 
mly  support  of  the  magnet  in  the  shell  is  at  a  point  compar- 
tively  close  to  the  diaphragm,  no  trouble  has  been  expcri- 
^ced  due  to  the  unequal  expansion  or  contraction,  as  in  the 
tases  where  Ilie  magnet  was  supported  in  the  shell  at  the  end 
irtbest   from    the   diaphragm.     The    leading-in    wires    are 
iolderetl  to  the  binding  posts  £",  C,  which  are  then  secured 
Q  position  on  the  shell  by  means  of  screws  passing  through 
lange.t  on  the  binding  posts  and  into  the  hard  rubber  of  the 
The  wires   are    led   through   recesses   between   the 
block  /C  and  the  shell  to  the  coil  chamber,  and  the  fine-wire 
terminals  of  the  coils  are  soldered  to  them  in  the  ordinary 
Banner.     This   receiver  is  exceedingly  neat  in  appearance. 
BScient  in  operation,  and  convenient  to  handle;  it  is  con- 
bderably  smaller  than  the  single-pole  receiver  of  the  Bell 
lompany,  and  has  proved  superior  to  it  in  every  way. 
'  In  order  to  give  this  receiver  sufficient  weight  to  operate 
!  switching  devices  usually  provided  with  complete  tele- 
bones,  it  was  found  necessary  to  place  between  the  limbs 
[  the  mafiJ^t  a  block  of  wood  F  containing  several  small 
Itad  cylinders  L  previously  molded  into  the  wood.     Receivers 
f  this  type  present  both  a  north  and  a  south  pole  to  the 
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diaphragm  at  a  point  very  near  its  center.  Hence  the  mag- 
netic circuit  of  the  permanent  magnet  Is  made  practically 
cotnplete  by  the  diaphragm,  the  only  air  gap  being  that 
between  the  diaphragm  and  the  pole  pieces.  In  this  way,  the 
field  in  which  the  diaphragm  operates  is  greatly  strengthened 
and  a  slight  movement  of  the  diaphragm  toward  the  pole 
pieces  produces  a  shorter  air  gap  and  therefore  a  better  path 
for  the  magnetic  lines  from  one  pole  piece  to  the  other,  and 
consequently  a  stronger  pull  than  would  be  the  case  with 
the  same  current  in  a  single-pole  receiver.  For  common- 
battery  systems,  the  two  coils  of  this  receiver  are  wound 
with  No.  36  B.  &  S.,  and  connected  in  series,  giving  a  resist- 
ance of  about  60  ohms,  although  they  have  been  wound  to 
as  low  as  20  ohms.  For  local-battery  systems,  100  ohms  is 
the  usual  resistance. 

7.     Western    Telephone    Construction    Company's 
Receiver. — Fig,  3  shows  a  receiver  of  the  Western  Tele- 


phone Construction  Company,  which  is  almost  identical 
with  that  of  the  Bell  Company,  with  the  exception  of  the 
method  of  attaching  the  receiver  cord  and  the  establishing 
of  the  connections  between  its  conductors  and  the  wires 
leading  from  the  coils.  The  shell  is  composed  of  three 
parts  A,  B,  and  C,  all  of  hard  rubber,  as  shown.  The 
leading-in  wires  w  terminate  in  two  small  washers  a,  a 
secured  dire'btly  to  the  piece  A  of  the  shell.  The  receiver 
cord  is  provided  with  similar  washers  d,  b,  adapted  to 
be  held  in  contact  with  the  washers  a,  a,  by  means 
of   the   screws   c,   c  passing-  into   the    hard   rubber.     The 
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reiver  cord  is  also  provided  with  a  shoulder  or  enlarge- 

rmeni   at   a   point   near   ihe   terminals,   this   being   of   such 

a  size  that   it   will   not   pass   through    the  opening  in   the 

tail-cap  C.      This  cap  is  slid  on  to  the  cord  from  its  free 

end,  and,  after  the  cord  has  been  connected  to  the  receiver 

'  terminaU.  is  secured  to  the  part  A  of   ihe  shell  by  means 

[of  a  screw  thread.     This   arrangement   effectually  prevents 

my  strain  coming  on  the  cord  terminals  or  the  connectors 

twhen  Ihe  receiver  is  dropped  or  hung  by  the  cord.     Such 

Istrains  as  these  often  cause  brealcage  at   ihe  terminals  of 

Itfte  cord,  thus  rendering  the  receiver  inoperative. 

8.  Tho  ErIcBBou  Receiver. — An  excellent  bipolar 
receiver,  manufactured  in  Sweden  bv  the  L.  M.  Ericsson 
Company,  of  Stockholm,  but  imported  into  the  United  States 


Ijlo  a  considerable  extent,  is  shown  in  Fig.  4.     The  magnets, 

which  are  very  strong,  are  formed  of  a  single  bar  of  steel  M 

(.62  ioch  wide  and   .2   inch    thick)  bent   into  a  horseshoe 

^nn,  4  inches  long.     These  carry  pole  pieces  of  soft  iron 

reared   directly  to    the  magnet  ends   by   means  of   small 

{iD&chine  screws.     The  cup  containing  the  coils  is  of  brass, 

md  Js  secured  to  a  thin  brass  lube  T  incasing  the  magnets. 

fVBT  this  tube  is  lightly  litted  a  thin  hard-rubber  tube  serv- 

[db  ait  a  handle.     The  magnets  are  secured  withiir  the  shell 

f  means  of   two  fillister-head   machine  screws  projecting 

^rougfa  slotted  holes  on  the  opposite  sides  of  the  tubular 

tortion  of  the  shell  and  engaging  tapped  holes  in  the  mag- 

let  itself.     The  binding  posts  are  mounted  on  a  hard-rubber 

Mock   V,  which  is  screw-threaded  into  the  end  of  the  brass 
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tube  Zl  Heavy  leading-in  wires  are  soldered  to  these  bind- 
ing posts  on  the  inside  of  the  block  Vy  and  are  secured  to 
the  terminals  of  the  coils  in  a  manner  already  described. 
The  diaphragm,  which  is  2}  inches  in  diameter  and  .01  inch 
thick,  is  of  tinned  sheet  iron,  and  is  secured  in  place  by 
means  of  the  hard-rubber  cap  or  ear  piece  C  Each  soft-iron 
pole  piece  is  S^  inch  thick  and  i^  inch  wide  and  the  distance 
between  their  centers  is  \\  inch.  When  both  spools  are 
wound  with  about  2,000  turns  of  No.  36  wire,  their  resist- 
ance is  120  to  125  ohms. 

This  receiver  is  durable  and  efficient.  The  fact  that  the 
shell  is  almost  entirely  of  metal  assures  a  permanent  adjust- 
ment of  the  parts  when  once  properly  secured.  The  receiver 
shown  in  this  figure  has  exposed  binding  posts,  but  a  later 
form  has  all  connections  and  metal  parts  concealed  within 
the  shelf. 

9.  Modern  Receivers. — It  is  now  considered  advisable 
to  have  no  binding  posts  or  other  metal  exposed  on  the  out- 
side of  a  receiver  where  it  can  come  in  contact  with  the  hand 
in  the  ordinary  use  of  the  receiver.  This  is  to  avoid  all 
possibility  of  the  user  receiving  disagreeable  or  dangerous 
electric  shocks  due  to  lightning  or  to  crosses  between  the 
telephone  line  wires  and  lighting  or  power  circuits.  The 
absence  of  exposed  binding  posts  also  reduces  meddling 
with  the  receiver  and  the  working  loose  of  such  connections. 
The  terminals  of  the  receiver  coil  are  connected  inside  the 
receiver  shell  to  flexible  receiver  cords,  which  are  long 
enough  to  connect  to  binding  posts  on  the  telephone  box  or 
case.  A  strong  cord  is  bound  in  with  the  flexible  connecting 
wires  and  fastened  to  the  receiver  magnets  and  the  telephone 
box  so  that  it  receives  all  the  strain  should  the  receiver  be 
dropped  or  left  hanging  by  the  cord. 

The  receiver  should  be  made  strong  enough  to  withstand 
the  rough  usage  of  careless  people,  and  at  the  same  time 
maintain  a  permanent  adjustment.  Many  now  claim  that 
subsequent  adjustment  of  a  receiver  is  a  detriment  rather 
than   an   advantage,    and    hence    most    receivers   are   now 
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constructed  so  that  the  original  adjustment  will  remain  per- 
manent throughout  the  life  of  the  receiver.  This  has  the 
advantage  that  it  prevents  meddlesome  or  ignorant  persons 
trying  to  improve  the  operation  of  a  receiver  by  altering 
its  adjustment. 

The  chamber  containing  the  diaphragm  should  be  of  such 
shape  as  not  to  mulHe  the  sound. 

Several  plans  have  been  devised  for  remedying  the  defect 
due  to  unequal  contraction  and  expansion  of  the  shell  and 
magnet,  one  of  which  is  to  make  a  cup  that  supports  the 
diaphragm  of  brass,  and  to  firmly  secure  the  magnet,  pole 
piece,  and  coil  to  this  cup  in  such  manner  that  the  entire 
working  parts  of  the  receiver  are  firmly  bound  together  by 
a  metal  whose  coefficient  of  contraction  and  expansion  is 
about  the  same  as  that  of  steel.  Typical  of  this  class,  which 
are  termed  metal-head  receivers,  are  those  manufactured 
by  the  American  Electric  Telephone  Company  and  the  Cen- 
tury Telephone  Construction  Company. 

Another  method  successfully  used  is  to  fasten  the  magnets, 
pole  pieces,  and  coils  permanently  to  a  non-magnetic  metal 
casting  that  is  held  usually  by  four  or  more  screws  on  a  seat 
forming  part  of  the  shell  and  usually  at  the  base  of  the  coils. 
Typical  of  this  class  are  the  Holtzer-Cabot  and  Kellogg 
receivers. 

These  two  types  of  receivers,  as  well  as  some  others,  effec- 
tually remedy  the  difficulties  spoken  of,  and  when  once  prop- 
erly adjusted  at  the  factory,  need  no  further  adjustment,  and 
therefore  no  means  of  adjustment  are  provided. 

10.  The  Kello^^  double-pole  receiver  is  shown  in 
Fig.  5.  The  two  straight-bar  permanent  magnets  ;;/,  yn'  have 
a  cylindrical  piece  of  iron  o  held  tightly  between  them  at  one 
end  by  a  bolt  and  nut.  The  pole  pieces/^',  said  to  be  made 
of  soft  Norway  iron,  fit  into  a  slight  recess  on  each  side  of  a 
casting  a  of  non-magnetic  metal,  which  fills  the  space 
between  the  pole  pieces  so  that  the  latter  bear  tightly 
against  the  permanent  magnets  when  the  nut  is  tightly 
screwed  up  on  the  bolt  b  that  passes  through  the  two  pole 
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pieces,  permanent  magnets,  and  the  casting  a.  The  casting 
is  securely  fastened  by  four  brass  screws  at  c  to  the  hard- 
rubber  shell  at  a  point  near  the  diaphragm,  so  that  there 
is  little  chance  for  any  change  in  adjustment  due  to  rough 
handling  of  the  receiver  or  to  the  unequal  contraction  and 
expansion  of  hard  rubber  and  metal  when  the  temperature 
changes.  No  provision  is  made  for  adjusting  the  distance 
between  the  pole  pieces  and  diaphragm  after  leaving  the 
factory.  The  metal  ends  of  the  spools  are  fastened  by  a  bit 
of  solder  to  the  pole  pieces.  There  are  no  binding  posts  on 
the  outside  of  the  shell;  instead,  the  receiver  cord  passes 
through  a  hole  in  the  shell,  and  a  cord  bound  in  with  the 
conductors  is  tied  around  the  iron  cylinder  o  so  as  to  relieve 
the  conductors  and  shell  of  all  strain.  Between  the  two  per- 
manent magnets  is  a  piece  of  hard  fiber  /,  on  each  side  of 
which  the  receiver  conductors  are  electrically  connected  by 
brass  screws  and  washers  to  short  pieces  of  stout  wire  /,  / 
that  are  soldered  at  their  upper  ends  to  the  terminal 
wires  z,  /  of  the  coils.  Any  standard  receiver  cord  may  be 
used  with  this  receiver.  All  connections  are  enclosed  within 
the  shell  so  that  no  metal  whatever  is  exposed  on  the  out- 
side. To  get  at  the  connections,  it  is  necessary  to  remove 
the  cap  at  the  diaphragm  end,  and  the  four  screws  c  that  hold 
the  casting,  magnets,  pole  pieces,  and  coils  to  the  rubber 
shell.  To  make  the  receiver  heavier,  the  space  between 
the  bar  magnets  is  about  filled  with  lead,  as  indicated  in 
Fig.  5  (a),  thus  insuring  good  wiping  contacts  in  the  hook 
switch  because  the  additional  weight  allows  the  use  of  a 
stronger  spring  to  raise  the  hook.  The  receiver  coils,  when 
wound  with  No.  30  B.  &  S.  wire  and  connected  in  series, 
have  a  resistance  of  65  to  70  ohms. 

11.  Holtzer-Cabot  Electric  Company's  double-pole 
receiver  is  shown  in  Fig.  6.  The  terminals  are  entirely 
enclosed  within  the  shell  and  the  cord  is  given  a  substantial 
hitch  about  the  end  of  the  one-piece  permanent  magnet  in 
such  a  way  that  no  strain  can  come  on  the  connections.  The 
permanent    magnet    is    about    as    strong   as    that    in    any 
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receiver  made  for  general  use.  The  internal  arrangement 
of  the  parts  is  shown  in  the  figure.  The  distinguishing 
feature  of  this  receiver  is  the  shape  of  the  soft-iron  pole 
pieces.  They  are  nearly  semicircular  in  shape,  which  seems 
to  give  a  more  uniform  distribution  of  the  lines  of  force 
through  the  diaphragm  than  the  ordinary  rectangular-shaped 
pole,  pieces.  The  pole  pieces  are  about  I4  inches  long, 
if  inch  wide,  and  A  inch  thick  at  the  middle.  The  receivers 
are  permanently  adjusted  before  leaving  the  factory  and  the 
magnetic  system  is  fastened  in  the  shell  in  very  much  the 
same  manner  as  the  Kellogg  receiver.     The  coils  are  wound 


Pro.  6 

with  No.  36  B.  &  S.  silk-covered  wire,  and  have  a  resistance 
of  about  75  ohms  when  connected  in  series.  All  exposed 
parts  of  the  spool  and  cores  are  nickel-plated  to  prevent  cor- 
rosion. The  permanent  magnet  is  about  i  inch  wide,  i  inch 
thick,  and  Sh  inches  long.  The  diaphragm,  which  is  made  of 
tinned  sheet  iron,  is  about  2  inches  in  diameter  and  so  thick 
(iV  inch)  that  it  is  not  magnetically  saturated  even  by  the 
relatively  strong  permanent  magnets  used.  All  parts  are 
made  so  as  to  be  interchangeable,  and  the  purchaser  may 
obtain  either  a  pure  hard-rubber  or  composition  shell  and 
either  a  silk-  or  worsted-covered  cord. 

12.  American  Electric  Telephone  Company's 
Receiver. — The  separate  parts  of  the  double-pole  receiver 
made  by  the    American    Electric  Telephone  Company  are 
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shown  in  Fig.  7.  The  permanent  magnet  m  is  made  of  a 
single  piece  of  steel.  Between  the  two  limbs  is  placed  a 
piece  of  hard  fiber  to  which  the  terminal  pieces  «,  n  are  fast- 
ened with  screws.  A  brass  piece,  three  views  of  which  are 
shown  at  (a) ,  [b) ,  and  (c) ,  is  used  to  hold  the  two  soft-iron  pole 
pieces  and  coils  (d)  and  the  brass  cup  (e)  in  position  on  the 
ends  of  the  permanent  magnet,  a  bolt  h  binding  them  all 
together.  The  cup  is  fastened  to  the  brass  piece  by  two 
screws  j  that  pass  into  the  holes  r.  The  conductors  i  pass 
through  fiber  tubes  e,  f  that  are  fastened  to  the  brass  cup. 
The  lower  ends  of  each  of  the  conductors  /,  /  are  soldered  to 
the  pieces  «,  n  and  the  upper  ends  are  soldered  to  two  ends 
of  the  two  coils.  The  receiver  cord  is  passed  through  the 
hole  in  the  rear  end  of  the  receiver  shell,  knotted  so  that 
the  weight  of  the  receiver  will  be  borne  by  the  knot  resting 
against  the  shell,  and  the  conductors  fastened  by  screws  to 
the  brass  pieces  n,  n.  The  diaphragm,  which  is  a  flat  piece 
of  tinned  sheet  iron,  rests  on  the  rim  pq  oi  the  brass  cup. 
When  the  magnetic  system  is  placed  in  the  shell,  the  rim^^ 
rests  against  the  shell  at  j  k  and  is  held  there  when  the 
receiver  cap  is  screwed  into  place. 

The  strain  due  to  the  entire  weight  of  the  receiver  may  be 
traced  from  the  junction  between  the  brass  cup  and  shell, 
through  the  shell,  and  knot  in  the  receiver  cord  to  the  cord. 
No  matter  how  badly  the  receiver  shell  may  be  broken  any- 
where back  of  the  screw  thread  j  ky  the  receiver  remains  in 
proper  adjustment  and  can  be  used  until  the  cord  conductors 
wear  oflE  where  they  are  fastened  to  the  pieces  «,  w.  After  the 
receiver  is  assembled  and  adjusted  by  the  manufacturer,  the 
adjustment  is  not  supposed  to  be  altered.  When  the  two 
spools,  which  are  made  of  brass  lined  with  insulating 
material,  are  wound  with  No.  36  B.  &  S.  silk-covered  copper 
wire,  and  connected  in  series,  they  have  a  resistance  of  about 
125  ohms.  No  metal  is  exposed  on  the  outside  of  the 
receiver  shell.  In  some  earlier  receivers  of  this  make,  the 
pole  pieces  were  ground  off  to  coincide  with  the  surface  pq 
and  the  diaphragm  was  dished  just  enough  to  hold  the  center 
portion  the  correct  distance  from  the  pole  pieces. 
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13.  Century  Telephone  Constriiotlnn  roni|mny*s 
tHTU-vr  Is  shown  in  Pig.  8,  The  distinguishing  feature 
I  of  iho  receiver  is  the  method  of 
lattachtng  the  diaphragm  cup  to  the 
I'Tnagncts,  which  reduces  to  a  mini- 
|nium  the  difficulty  due  to  the 
unequnl  expansion  of  different 
I  parts  of  the  receiver.  Only  the 
l«n(]s  of  the  pole  pieces  project 
Itbraagh  a  metal  cup,  which  can 
I  therefore  be  made  very  shallow, 
I  thereby  eliminating  what  is  claimed 
I  to  be  undesirable  resonance  effects. 
I  The  cup  and  pole  pieces  are  ground 
I  eive  a  proper  and  permanent 
I  EidjustmcDi.  Furthermore,  the  spools 
I  and   all   connections   are  protected 

I  when  the  receiver  is  assembled,  and    ,    ,,-^^  ^_, ,. 

I  the  magnetic  system    as    a    whole  ^^*^S^^S^^     ' 

I  slips   out   of    the    shell    when    the      '"-.^  ,/ 

I  iliaphragm  cap  is  removed,    A  cord  '~ --'' 

rbound  in  with  the  receiver  conduc-  Fio.  s 

llors  is  fastened  to  the  permanent  magnets,  thus  relieving 
llho  shell  and  conductors  of  all  strain.  The  design  of  this 
■  receiver  seems  to  be  excellent- 


14.     StroinlM'rfi-Carlaon  Tcleplione   ManiifaoturlnK 

iL'ompniiy'H  nort'lver. — This  Company  has  always  main- 

Ikuned  that  a  receiver  should  be  capable  of  adjustment.     To 

Ifonforra  to  the  recent  demand  for  a  receiver  with  no  metal 

[parts  exposed,  they  now  make  a   so-called  all-rubber-shell 

'TPceivor,  as  shown  in  Fig  9,  which  is  about  the  only  modem 

ftireceiver  that  may  be  readily  readjusted  after  leaving   the 

1  factory.     The  one-piece  permanent  magnet  is  about  as  strong 

9  any  used  for  this  purpose  in  the  United  States.     The  hard- 

^tabber  shell  i?  made  in  two  pieces  only.     The  coils  and  pole 

pieces  b^t  pass  through  a  metal  plate  d  and  are  supported, 

wtien  in  place,  by  a  cast  bridge  piece  i,  which  is  milled  so  as 
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to  receive  them  and  also  to  fit  in  between  the  ends  ot  t 
permanent  magnet  a,  where  the  three  pieces  are  tjghtlj'  hell 
by  a  screw.  The  magnetic  system,  when  thus  assembled 
is  enclosed  by  a  metal  case  h  that  is  threaded  on  the  i 
to  fit  the  thread  on  the  outside  of  the  metal  bridge  i  and  c 
the  outside  to  receive  the  ear  cap  and  shell.  The  plate  rf 
rests  on  a  seat  in  the  metal  case  /i.  This  construction 
renders  the  diaphragm  chamber  very  nearly  air-tight,  which 
it  is  claimed  prevents  the  surging  of  the  air  in  the  shell  of 
the  receiver,  which  gives  rise  to  undesirable  resonant  sounds. 


*8 


i-i" 


II 


0  1 

metal  case,  the  ear  Cfl^^| 


After  placing  the  diaphragm  on  the 

is  screwed  on  permanently  and  then  the  instrument  may  be 
readjusted  to  any  degree  of  sensitiveness  by  holding  the 
receiver  to  the  ear  with  one  hand  and  turning  the  magnet 
with  the  other,  at  the  same  time  talking  into  a  transmitter 
connected  with  the  receiver.  When  the  proper  adjustment 
has  been  obtained,  screws  that  pass  through  the  locking 
plate  if  are  screwed  up  tight,  which  results  in  a  tension  between 
the  bridge  /  and  the  metal  case  A  and  prevents  any  turning 
or  change  in  the  adjustment.     The  shell  is  then  screwed  on 


screwed  onj 
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ihe  metal  case  h.  leaving  no  metal  exposed.  The  coil  and  cord 
[ntoalH  are  fastened  to  a  hard-rubber  block  placed  between 

[he  limbs  of  the  permanent  magnet.  Tbe  weight  of  the 
xeiver  ts  supported  by  the  knot  in  the  receiver  cord.  The 
iaphragm,  which  is  made  of  tinned  sheet  iron,  is  about 
1  inch  thick  and  about  ^h  inches  in  diameter.     The  magnet 

I  about  4i  inches  long.  \  inch  wide,  and  i  inch  thick.     The 

nft-iron  pote  pieces  are  about  \  X  iV  X  Xh  inches.  The 
»er  spools  are  about  tV  inch  wide,  \  inch  long,  and  >  inch 
When  wound  with  about  1,180  turns  of  No.  38  wire, 

lie  two  coils  connected  in  series  have  a  resistance  of  from 

90  to  100  ohms. 

15.     Columbia     Telcphono     Mnniifnt'turlnfe     Coni- 
«  receiver  is  shown  in  Fig.  10.     Its  construction  will 


e  readily  understood  from  the  figure.  The  magnetic  system 
tonsists  of  a  central  steel  bar,  over  one  end  of  which  is 
^aced  the  coil,  and  an  iron  tube  forming  the  return  path  for 
lines  "of  force;  hence,  it  is  practically  a  double-pole 
6eceiver.  The  rubber  ear  piece,  instead  of  having  one  cen- 
I  opening,  has  a  number  of  small  holes.     It  is  claimed 

lat  this  prevents  meddlesome  persons  from  poking  the  dia- 
ptiragm  with  pencils  or  other  objects,  but  it  is  doubtful  if 
this  construction  does  not  interfere  with  the  progress  of  the 
sound  through  it.  This  receiver  is  also  made  with  concealed 
tenninals  instead  of  tbe  outside  binding  posts  shown  in 
this  Bgmre. 

The  solid  receiver  made  by  Wm.  J.  Murdock  &  Com- 
pany has  all  parts,  except  the  coils  and  diaphragm,  solidly 
Incased  by  composition.  With  such  construction,  it  should 
be  practically  impossible  for  any  part  to  come  loose  or  get 
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out  of  adjustment.  The  first  receivers  of  this  construction 
had  external  binding  posts,  but  the?  are  now  made  with  the 
terminals  concealed  within  a  tail -piece,  which  may  be  removed. 


WATCH<CASB    RECEIVBB8 

16.  Since  watch-ease  receivers  are  used  mostly  as 
operators'  head-receivers,  they  must  be  as  light  as  is  consistent 
with  good  construction,  and  as  small  and  compact  as  possible; 
therefore,  they  are  more  difficult  to  make.  Furthermore,  the 
short  magnets  used  in  them  are  more  easily  demagnetized, 
so  that  more  care  is  necessary  in  their  construction.  The 
magnets  are  generally  compound, 
have  two  poles,  and  weigh  less 
than  5  ounces.  They  usually 
consist  of  two,  three,  or  four  thin 
magnets  laid  one  on  the  other 
with  like  poles  in  contact  with 
each  other.  The  pole  pieces  are 
generally  clamped  between  them. 
The  magnets  of  watch-case 
receivers  are  punched  from  sheet 
metal  and  are  of  two  kinds,  the 
Fig.  11,  and  the  horseshoe,  as 
shown  in  Fig.  12.  Of  the  two  types,  the  one  shown  in 
Fig.  12  is  the  better,  because  it  retains  the  magnetism 
better.  The  poles  of  all  the  magnets  may  easily  be  made 
to  come  at  the  ends  of  the  magnets,  and  all  like  poles  to 
coincide.  The  magnetic  circuit,  is  much  longer,  as  it  includes 
an  arc  of  nearly  300°.  It  is  also  much  easier  to  arrange 
the  binding  post,  there  being  sufiBcieht  room  between  the 
poles.  It  is  a  difficult  matter  to  magnetize  a  ring  magnet, 
as  shown  in  Fig.  11,  so  that  the  poles  N  and  S  come  one 
directly  over  the  other.  On  the  first  magnet,  the  poles  may 
be  at  A'  and  S,  in  the  second  at  N,  and  S„  in  the  third  at  N, 
and  S„  and  in  the  fourth  at  M  and  S,.  It  will  be  seen  that 
such  a  condition  would  weaken  the  field  of  force  very  much. 
Then  the  length  of  the  field  in  the  iron  is  only  about  180°. 


circular,  as  indicated 


each    terminates    io    a   pole 
piece  projecting  through  the 
bottom    of    a    brass    cup  r, 
which   forms  the  coil  cham- 
ber.     Around    each    of    the 
four  pole  pieces  is  placed  a 
coil   similar  in  form    to  ihaj^ 
used  in  the  ordinary  s 
pole  receivers.     As  the  foil! 
pole  pieces  are  arranged  I 
positions    corresponding 
the  corners  of  a  square,  i 
magitelic    field    that    pass( 
throiinh    the    diaphragm 
therefore    apparently   doilbl 
strensiihened.      The 
phragm  is  held   in  place  1 
a   screw- cap   fi   engaging  \ 
thread  on  the  cup  c.  the  c 
''"'  "  carrying    a    hard-rubber    eaj 

piece  M.  This  is  itierely  an  example  of  many  forms  ( 
multipolar  receivers,  and  it  may  be  said  that  they 
more  expensive  to  make,  more  complicated,  and  therefoi 
more  difScull  to  keep  in  order,  heavier  and  more  cumbi 
some,  and  therefore  less  convenient  to  handle.     Moreov* 
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they  do  not  show  any  great  gain  in  efficiency  over  the 
receivers  of  the  simple  bipolar  type.  They  are  not  used  at 
all  in  the  United  States,  and  but  rarely  in  Europe. 


DETAILS    OF    RECEIVER    CONSTRUCTION 

19.  Magrnet  Steel. — The  most  important  requisite  of 
the  permanent  magnet  in  a  receiver,  or,  in  fact,  in  any  tele- 
phone apparatus,  is  that  it  shall  be  truly  permanent.  Many 
grades  of  steel  are  capable  of  receiving  a  fair  degree  of 
magnetization,  but  are  incapable  of  retaining  their  proper 
strength  throughout  any  considerable  length  of  time.  It  is 
very  difficult  to  say  what  constitutes  the  best  steel  for  making 
permanent  magnets,  but  many  steel  manufacturers  are  making 
a  special  grade  for  this  purpose,  which  may  be  purchased 
under  the  name  of  magnet  steel. 

In  a  steel  for  permanent  magnets  for  receivers,  bells,  and 
generators  sulphur  and  phosphorus  are  harmful,  but  there 
must  be  a  certain  amount  of  manganese  and  carbon.  The 
following  is  an  analysis  of  a  good  magnet  steel:  Silicon,  not 
less  than  .1  per  cent,  nor  more  than  .2  per  cent.;  sulphur,  not 
more  than  .05  per  cent.;  phosphorus,  not  more  than  .07  per 
cent.;  manganese,  not  less  than  .75  nor  more  than  1  per  cent.; 
carbon,  not  less  than  .56  per  cent,  nor  more  than  .61  per  cent. 
If  it  contains  less  carbon,  it  will  not  harden  properly,  nor 
will  it  retain  its  magnetism  for  a  sufficient  length  of  time. 
Tungsten  steel  is  about  the  best  material  for  permanent 
magnets,  because  it  gives  a  magnet  of  about  the  most  uni- 
form and  greatest  strength  and  retains  its  magnetism  with 
considerable  tenacity;  that  is,  it  has  a  strong  coercive  force. 
However,  some  claim  that  ordinary  tungsten  steel  cannot 
be  magnetized  as  strongly  as  the  magnet  steel  commonly 
used.  It  should  be  remembered  that  permanence  is  more 
to  be  desired  than  mere  strength.  Tungsten  steel  is  more 
expensive. 

20.  The  permanent  niaprnet  for  a  receiver  is  usually 
from  3  to  3i  inches  long.     Too  short  a  magnet  is  too  easily 
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demag^netized  by  the  current  in  the  receiver  coils,  which 
tends  to  deniag:netize  them.  Watch-case  receivers  give  con- 
siderable trouble  for  this  reason,  since  the  permanent  magnet 
must  be  made  so  short. 

Permanent  magnets  for  receivers  may  be  heated  red  hot 
and  shaped  in  a  punch  press.  After  the  steel  has  been 
worked  into  the  desired  shape,  it  should  be  heated  to  a 
bright  cherry  red  in  a  rather  slow  fire,  so  that  the  interior 
and  the  exterior  portions  will  be  at  approximately  the 
same  temperature.  It  should  then  be  quickly  immersed 
in  cold  running  water  and  constantly  agitated  while  cool- 
ing. Care  should  be  taken  that  the  tongs  do  not  prevent 
the  water  from  reaching  all  parts  of  the  piece  at  once,  as 
this  will  prevent  some  parts  of  the  bar  from  cooling  as 
rapidly  as  others,  and  will  frequently  produce  cracking. 
A  high  carbon  steel,  such  as  tool  steel,  will  under  this  treat- 
ment become  flint-hard;  but  very  often  a  grade  of  steel  that 
is  capable  of  producing  excellent  permanent  magnets  will, 
after  being  thus  cooled,  be  sufficiently  soft  to  allow  a  file  to 
make  a  very  slight  impression  on  it.  The  practice,  there- 
fore, of  judging  the  grade  of  a  magnet  steel  by  its  ability  to 
totally  resist  the  action  of  a  file  often  leads  to  the  discarding 
of  material  admirably  suited  to  the  purpose. 

• 

21.  Magnet IzinpT. — The  usual  process  of  magnetizing 
consists  in  stroking  the  bars  of  hard  steel  across  the 
poles  of  a  powerful  electromagnet.  The  electromagnet,  if 
designed  to  be  used  in  producing  permanent  magnets  of 
various  forms,  should  preferably  have  removable  pole  pieces 
of  soft  cast  iron,  so  as  to  accommodate  itself  more  readily 
to  the  stroking  of  the  different  sizes  and  shapes  of  bars.  In 
stroking,  the  bar  to  be  magnetized  should  be  held  on  the 
poles  of  the  electromagnet  so  that  one  of  its  ends  rests  on 
the  north  pole  and  the  other  on  the  south  pole;  it  should 
then  be  drawn  across  the  magnet  face  several  times,  always 
keeping  it  in  such  position  as  to  close  the  magnetic  circuit 
between  the  two  poles  of  the  electromagnet.  After  drawing 
the  bar  along  the  pole  pieces  six  or  eight  times,  lifting  the 
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Btaenet  at   the  end  of  each  stroke  And  returning  it  to  the 

|ftartiiie  point,  lay  the  magnet  on  its  side  without  removing 

I  from  the  pole  piece  and  place  a  keeper  across  the  poles 

lod  remove  the  magnet  before  turning  off  the  current. 

For  magnetizing  a  straight,  flat  bar,  such  as  is  used  in  the 

'  Bell  stngle-pole  receiver,  the  poles  of  the  electromagnet  are 

preferably  placed  about  3  inches  apart,  so  that,  in  the  case  of 

I  ft  bar  4  J  inches  long,  it  laps  over  each  pole  face  about  |  inch. 

1  maenetizing  a  horseshoe  bar.  such  as  in  the    Ericsson 

«cciper,  the  poles  of  the  electromagnet  are  placed  about 

I  inch  apart,  so  that  the  two  limbs  of  the  U-shaped  bar  rest, 

)  stroking,  one  on  one  pole  and  one  on  tbc  other. 

A   process   of   magnetizing   permanent   magnets   that   is 

■  adopted    by   some   manufacturing   companies,   consists    in 

placing   the  bar  of  steel   to   be  magnetized  within   a   coil 

throagh  which  a  powerful  current  of  electricity  is  flowing. 

The  niagDetic  field  set  up  by  the  current  in  this  case  passes, 

r  the  most  part,  through  the  bar  of  steel,  thus  imparting 

1  it  a  high  degree  of  magnetization.     Considerable  trouble, 

lluwever,  is  experienced,  where  this  process  is  used,  of  with- 

■rawing  the  bar  from  the  coil  without  destroying  a  large 

irt  of  the  magnetism  set  up  in  it.     The  demagnetizing  effect 

wms  lo  be  a  little  greater  if  the  current  is  turned  off  while 

ibe  bar  remains  within  the  coil  than  if  the  magnet  is  inserted 

I)  and  withdrawn  from  the  coil  without  turning  off  the  current. 

It  is  well  to  arrange  the  circuit  of  the  electromagnet  or 

magmetizing  coil  so  it  can  be   slowly    interrupted,  as  the 

repealed  turning  on  of  the  current  tends  to  magnetize  the 

sleel  to  a  higher  degree.     Tapping  the  bar  while  the  full 

cturent   is   flowing  through  the  magnetizing  coil  will  also 

tend  to  increase  its  magnetization. 

Probably  the  best  results  are  obtained  by  the  method  of 
'oking  across  the  poles  of  a  very  powerful  electromagnet, 
:  It  is  properly  carried  out. 

22.  Core*. — The  cores  forming  the  pole  pieces  of 
(eceivcr  magnets  should  be  as  thin  as  is  consistent  with  good 
pechftnical  construction,  in  order  to  reduce  the  neutralising 
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effect  due  to  eddy  currents.  They  should  not  be  placed  too 
close  together,  otherwise  the  magnetic  leakage  will  be  exces- 
sive. As  a  rule,  however,  the  winding  determines  the  dis- 
tance, and  the  poles  may  be  placed  as  close  together  as  the 
spools  will  allow.  The  best  pole  pieces  for  receivers  are 
about  iV  inch  thick  by  i  inch  wide,  and  only  long  enough  to 
hold  the  coil  and  make  a  good  joint  with  the  permanent 
magnets.  In  the  case  of  the  bipolar  receivers  using  a  fiat 
pole  piece,  it  is  customary  to  stamp  the  pole  pieces  from  sheet 
iron  rolled  to  the  desired  thickness.  The  object  of  using 
separate  soft-iron  pole  pieces,  instead  of  winding  the  coils 
directly  on  the  end  of  the  permanent  magnets,  is  that  soft 
iron  is  much  more  permeable  than  is  hardened  steel,  and 
hence  a  very  much  smaller  sectional  area  will  allow  all  the 
lines  of  force  developed  by  the  permanent  magnet  to  readily 
pass  through  the  cores.  The  cores  and  diaphragm  should 
be  magnetized  to  such  a  degree  that  the  iron  will  be  most 
sensitive  to  small  changes  in  the  magnetizing  force,  due  to 
changes  in  the  current  in  the  coils;  the  pull  exerted  by  the 
cores  on  the  diaphragm  will  then  be  very  sensitive  to  slight 
changes  in  the  strength  of  the  current.  To  attain  this  object, 
neither  the  cores  nor  the  diaphragm  should  be  magnetized 
very  intensely — that  is,  not  too  near  the  saturation  point  or 
bend  in  the  magnetization  curve.  In  order  .to  reduce  the 
reluctance  between  the  pole  pieces  and  the  permanent  mag- 
net, the  joining  surfaces  should  be  large,  very  smooth  and 
flat,  and  very  tightly  held  together. 

23.  Iron  for  Cores. — Iron  for  cores  and  diaphragms 
should  have  a  high  permeability,  low  hysteresis,  and  low  reten- 
tiveness  or  coercive  force.  These  desirable  properties  are 
possessed  by  the  best  quality  of  soft  annealed  iron;  Swedish 
or  Norway  iron  has  long  been  considered  the  ideal  material 
for  receiver  cores  on  account  of  its  extreme  softness. 

If  the  permeability  is  high,  the  sectional  area  may  be 
smaller  than  that  of  the  permanent  magnet;  the  average 
length  of  one  turn  of  wire  in  the  coil  will  therefore  be  less, 
giving  a  smaller  resistance  for  a  given  number  of  turns; 
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moreover,  the  loss  from  eddy  currents  and  hysteresis  in  the 
B  iron  core  will  be  less.  If  the  hysteresis  is  low.  the  energy 
nritsted  in  hysteresis  will  be  smalt,  and  the  efficiency  will 
■.be  greater.  If  the  coercive  force  is  not  small,  the  mag- 
netization— and  hence  the  pull — will  not  change  readily  and 
Ithe  cores  may  become  permanently  magnetized. 

Norway  iron   tor  use  in   telephone   apparatus  should  be 

jibout   y9.9  per  cent,  chemically  pure  iron:  a  variation   of 

.02  per  cent,  of  certain  metalloids,  such  as  sulphur, 

|}hDsphorus.    and   silicon,   is    sufficient  to  make  it  entirely 

Binnfit  for  telephone  instruments.     By  the  chemical  analyses 

wol  a  great  many  samples  that  were  afterwards  given  prac- 

al  tests,  it  has  been  proved  that  the  results  obtained  from 

[he  chemical  analysis  of  a  sample  of  iron  will  indicate  (he 

relative  value  for  the  purpose  intended.     Hence,  the  manu- 

Ktacturer  who  desires  to  turn  out  a  uniform  product  should 

^ave  the  same  quality  of  raw  material  in  it.  which  may  be 

determined  only  by  a  chemical  analysis  of  each  lot  before  it 

Ps  sold. 

Tbe  hardening  quality  of  Norway  iron  is  due  to  carbon 
tod  manganese.  The  amount  of  carbon  present  should  not 
Bexceed  .1  per  cent.,  and  tbe  manganese  should  not  exceed 
B.03  per  cent.;  some  Norway  iron  contains  no  manganese.  It 
ps  impossible  to  entirely  remove  all  the  sulphur  and  phos- 
phorus, both  of  which  are  injurious;  hence,  it  is  necessary 
I  to  make  Norway  iron  from  ores  containing  as  little  as  pos- 
sible of  these  two  elements.  The  amount  of  sulphur  should 
be  less  Uian  .01   per  cent,  and  the  phosphorus  should  not 

k exceed  .03  per  cent.  Another  element,  silicon,  which  is  also 
present  in  iron,  should  not  exceed  .05  per  cent. 
The  following  is  a  sample  analysis  of  a  good  grade  of 
Norway  iron  used  for  the  cores  of  receivers:  silicon,  .005 
percent.;  carbon,  .01  percent.  There  should  be  practically 
DO  sulphur  or  phosphorus  and  little  or  no  manganese  in  such 
ma  iron. 


24.     aedfleld  Iron.— Robert  A.  Hadfield.  of  Sheffield. 
Eogland,  claims  to  have  produced  an  improved  magnetically 
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soft  iron  having:  especially  high  permeability,  high  electrical 
resistance,  and  low  hysteresis.  These  qualities  are  produced 
by  alloying  pure  Swedish  or  other  suitable  pure  iron  with 
silicon,  or  aluminum,  or  phosphorus,  or  with  two  or  three  of 
these  elements.  The  iron  is  melted  in  a  common  crucible 
or  electrically,  along  with  the  silicon,  or  aluminum  (2*  per 
cent.),  or  phosphorus.  Any  steel  process  by  which  the  car- 
bon and  silicon  are  removed  from  the  iron  may  be  used, 
adding  to  such  an  iron  the  elements  desired.  A  good  alloy 
actually  manufactured  contained  2.75  per  cent,  silicon,  .07  per 
cent,  carbon,  .08  per  cent,  manganese,  .03  per  cent,  sulphur, 
and  .03  per  cent,  phosphorus.  It  is  important  to  keep  the 
percentage  of  carbon  and  manganese  as  low  as  possible — 
say,  each  under  .12  per  cent.  This  alloy  can  be  still  further 
improved  by  a  treatment  involving  alternate  heating  and 
cooling,  and  should  be  carried  out  about  as  follows:  The 
material  is  first  heated  to  between  about  900°  and  1,100°  C, 
and  allowed  to  cool  quickly.  Then  it  is  reheated  to  between 
about  700°  and  850°  C. — that  is,  to  a  temperature  lower  than 
the  one  obtained  during  the  first  heating — and  then  allowed 
to  cool  very  slowly.  In  practice  the  cooling,  has  been 
extended  to  last  several  days.  Either  or  both  of  these  treat- 
ments may  be  frequently  repeated,  but  for  the  best  results  it 
is  of  great  importance  to  use  as  near  as  possible  the  exact 
temperatures  mentioned,  and  careful  readings  of  the  tempera- 
ture by  a  pyrometer  should  be  taken  for  this  purpose.  This 
improved  alloy  is  said  to  have  a  higher  magnetic  permea- 
bility and  a  lower  hysteresis  than  any  magnetic  material  for 
which  there  are  tests,  including  the  purest  iron.  Iron  made 
in  this  manner  should  be  suitable  for  receiver  cores  and 
diaphragms,  armature  cores  of  magneto-generators,  motors 
or  dynamos,  for  the  iron-wire  cores  of  induction  and  repeat- 
ing coils,  and  wherever  a  good  quality  of  soft  magnetic  iron 
is  required. 

25.  In  annealing  iron  for  telephone  apparatus,  the  fol- 
lowing is  an  excellent  process,  according  to  W.  A.  Taylor  in 
the  Electrical  Review:     The  parts  to  be  annealed  are  placed 
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in  an  annealing  pot  and  packed  carefully  in  iron  filings  or 
turnings  so  that  none  of  the  parts  touch  the  sides  of  the  pot. 
The  cover  is  then  sealed  on  with  fireclay  and  the  whole 
placed  in  the  annealing  furnace.  The  pot  is  usually  made 
of  cast  iron,  though  sometimes  of  boiler  iron.  The  pot  and 
contents  are  heated  to  an  almost  white  heat  and  kept  that 
way  for  10  hours,  when  the  whole  furnace  and  contents  are 
allowed  to  cool  slowly.  If  the  pots  are  large — say,  about 
1  cubic  foot  or  more — they  may  be  withdrawn  from  the  fur- 
nace and  allowed  to  cool  on  the  floor.  When  entirely  cool, 
the  articles  may  be  taken  out.  If  the  directions  are  followed 
carefully,  the  articles  will  be  very  soft  and  almost  white. 
If  there  is  any  scale  on  them  the  annealing  has  not  been 
properly  done;  neither  should  annealed  pieces  be  blue. 
The  iron  turnings  or  filings,  in  which  the  pieces  to  be 
annealed  are  packed,  should  be  free  from  wrought  iron  or 
very  low  carbon  steel.  Any  material  amount  of  carbon  will 
case-harden  the  articles. 

26.  Diaphragm. — The  diameter,  thickness,  and  distance 
of  the  diaphragm  from  the  pole  pieces  should  be  carefully 
considered.  The  diaphragms  generally  used  are  about  24  to 
2i  inches  in  diameter,  with  an  available  vibrating  portion 
from  li  to  2  inches.  The  thickness  is  usually  about  .01  inch. 
The  distance  from  the  pole  pieces  varies  widely  in  different 
makes — from  -jV  down  to  eV  inch.  A  good  way  is  to  make 
the  distance  as  close  as  possible  and  still  not  have  the  dia- 
phragm touch  the  pole  pieces.  At  the  greatest  amplitude  of 
vibration  this  distance  should  be  about  A  inch,  with  a  dia- 
phragm of  the  above  dimensions.  Should  the  diaphragm  be 
made  larger  in  diameter,  the  thickness  should  also  be 
increased.  The  matter  of  dimensions  is  determined  by  test- 
ing a  large  number,  choosing  the  best. 

The  stronger  the  magnet  of  a  receiver,  the  thicker  should 
be  the  diaphragm  in  order  to  avoid  magnetic  saturation.  The 
strongest  magnet,  when  new,  does  not  necessarily  give  the 
best  results  during  the  whole  life  of  the  receiver,  because 
the  diaphragm  may  not  be  properly  designed,  and,  more- 
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over,  the  magnet  may  deteriorate  in  strength  so  much  as  to 
soon  become  less  efficient  than  a  receiver  with  a  thinner  dia- 
phragm and  a  weaker  magnet  when  new,  but  which  retains 
its  magnetism  more  permanently. 

Iron  for  diaphragms  should  possess  high  permeability, 
small  coercive  force,  and  little  hysteresis.  The  best  Nor- 
way or  annealed  charcoal  iron  and  sheet  steel  seem  -to  be 
superior  to  ferrotype  iron  in  permeability  at  low  and  medium 
magnetized  forces.  Furthermore,  a  diaphragm  should  never 
be  too  highly  magnetized,  because  it  is  not  then  as  sensitive 
to  slight  changes  in  the  current  in  the  coils.  Sheet  steel 
seems  to  be  fully  as  good,  if  not  better,  than  annealed  char- 
coal iron,  and  both  have  less  hysteresis  than  ferrotype  iron. 

27.  Spools. — The  spool  for  confining  the  wire  within 
its  proper  limits  was  usually,  in  the  case  of  single-pole 
receivers,  turned  from 
boxwood  or  some  similar 
bard  wood,  and  was 
slipped  on  the  pole  piece, 
as  shown  in  Fig.  1.  The 
wires  leading  from  the 
coil  were  brought  out 
through  small  holes  in  the 
lower  side  of  the  spool. 
In  the  case  of  bipolar 
s  having  flat  coils,  it  is  customary  to  form  the  spool 
as  an  integral  part  of  the  core  itself,  as  shown  in  Fig.  15. 
This  is  done  by  punching  the  heads  a,  a  from  sheet  brass  or 
German  silver  and  forcing  them  on  the  pole  pieces  to  the 
positions  desired.  Frequently,  as  an  additional  precaution, 
they  are  soldered  in  place  on  the  pole  pieces,  or,  instead  of 
this,  are  secured  by  means  of  prick-punch  marks  at  points 
along  the  line  where  the  head  joins  the  core.  After  the 
spool  is  properly  formed,  great  care  must  be  taken  to 
insulate  it  in  such  manner  that  it  will  be  impossible  for  the 
wire  used  in  winding  the  coil  to  become  short-circuited 
or  crossed    on    the   core.     To    accomplish    this,    the ,  best 
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practice  is  to  place  two,  thin,  fiber  washers  b  on  the  core 
between  the  two  heads;  these  are  then  placed,  one  in  contact 
with  each  head,  as  shown  in  Fig.  15,  and  serve  as  effective 
insulators  between  the  wire  and  the  heads.  A  thin  layer  of 
paper  should  be  wrapped  around  the  pole  piece  between  the 
heads,  in  order  to  keep  the  wire  from  touching  the  pole 
piece.  The  terminals  of  the  wire  from  the  coils  should 
never  be  brought  out  through  holes  in  metal  heads,  as  this 
practice  has  proved  one  of  the  most  prolific  causes  of  trouble 
in  receiving  instruments. 

28.  Colls. — After  the  spool  has  been  formed  and  prop- 
erly insulated,  it  is  placed  in  a  suitable  chuck  on  a  winding 
machine  and  wound  with  the  desired  length  of  silk-covered 
copper  wire. 

A  winding  space  I  inch  in  width  will  allow  about  1,000 
turns  of  No.  36  silk-covered  magnet  wire  to  be  wound  to  a 
depth  of  i  inch.  That  will  make  2,000  turns  for  both  coils 
and  give  a  resistance  of  about  100  ohms.  Single-covered 
wire  is  used  in  preference  to  the  double-covered,  as  its  insu- 
lation is  ample,  and  a  greater  amount  of  wire  may  be  placed  in 
a  given  space.  The  resistance  of  single-pole  receivers  is 
usually  about  75  ohms,  and  the  size  of  wire  either  No.  36 
or  No.  38  B.  &  S.  gauge.  In  double-pole  receivers,  the  resist- 
ance of  each  coil  is,  as  a  rule,  30  to  50  ohms,  making  their 
joint  resistance  60  to  100  ohms.  The  same  sizes  of  wire 
as  given  above  are  in  common  use.  For  some  central- 
energy  and  house  systems  the  receivers  are  wound  to  a 
much  lower  resistance  than  those  specified,  the  size  of  wire 
being  correspondingly  larger.  The  Bell  Company  frequently 
wind  both  their  single-  and  double-pole  receivers  with  two 
parallel  No.  38  wires,  the  wires  being  wound  on  side  by 
side  and  connected  in  parallel. 

It  is  always  a  good  rule  to  use  as  coarse  wire  as  pes- 
sible  for  the  winding,  as  there  is  less  danger  of  a  burn-out 
from  any  cause.  That  means  wind  the  receiver  as  low  as 
possible  without  sacrificing  its  efficiency.  Furthermore,  to 
reduce  breaking  and  repairs,  the  last  few  turns  on  a  spool 
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should  be  made  with  much  larger  wire;  and  still  larger  wire, 
No.  18  or  20,  should  be  used  between  the  coils  and  the 
binding,  or  terminal,  screws.  The  coils  for  both  single- 
and  double-pole  instruments  should  be  placed  over  the  core 
as  near  the  diaphragm  end  of  it  as  possible,  where  they 
will  produce  the  greatest  possible  change  in  the  number  of 
lines  of  force  passing  out  of  the  iron  core  into  the  air  gap 
and  diaphragm. 

29.  Shells. — The  advisability  of  so  designing  the 
receivers  as  to  avoid  the  possibility  of  the  unequal  contrac- 
tion and  expansion  of  the  shells  and  magnets  causing  the 
distance  between  the  diaphragm  and  pole  piece  to  vary,  has 
been  referred  to  in  considering  the  various  types  of  com- 
mercial receivers.  The  practice  of  making  the  receiver 
shell  partially  of  brass,  with  a  view  of  remedying  this  evil,  is 
to  be  commended,  although  it  may  be  said  that  hard-rubber 
shells,  when  a  proper  method  of  supporting  the  magnet  is 
used,  are  thoroughly  reliable  and  in  every  way  satisfactory. 

30.  Substitutes  for  Hard  Rubber. — The  shell  should, 
preferably,  be  made  of  the  best  grade  of  hard  rubber.  How- 
ever, many  manufacturing  concerns  use,  in  the  place  of  hard 
rubber,  substitutes  generally  called  composition.  Formerly 
these  substitutes  were  brittle,  and  many  of  them  gradually 
warped  or  otherwise  changed  their  shape  during  hot  weather, 
thus  permanently  spoiling  the  adjustment  of  the  receiver. 
Again,  many  of  these  substances  possessed  the  quality  of 
slowly  absorbing  moisture,  which  rendered  their  insulating 
qualities  poor,  besides  gradually  destroying  the  black  finish 
of  the  surface.  The  quality  of  composition  has  been  greatly 
improved  in  the  last  few  years,  and  comparatively  few 
receiver  shells  are  now  made  of  good  hard  rubber,  on  account 
of  its  high  price  and  the  severe  competition  between  manu- 
facturers of  receivers.  There  is  still  room  for  improvement, 
as  it  is  not  yet  as  strong,  durable,  or  handsome  as  hard 
rubber. 

31.  To  Rcpolisii  Receiver  Shells. — Old  receiver  shells 
may  be  readily  repolished,  if  a  lathe  is  available,  as  follows: 
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With  000  sandpaper  remove  all  scratches,  then  put  the  rear 
end  in  the  lathe  chuck  with  the  dead  center  against  the  ear- 
piece opening.  With  the  lathe  running  at  a  speed  not  so 
high  as  to  bum  the  shell,  apply  pulverized  pumice  stone  and 
water  with  a  brush  or  heavy  rag;  wash  off  the  pumicp  stone 
and  polish  with  whiting  and  a  soft  brush.  By  applying  oil 
and  lampblack  or  rotten  stone,  a  very  high  polish  may  be 
obtained. 


32.  Bindlngr  Posts. — The  question  of  properly  secur- 
ing the  binding  posts  and  also  making  the  electrical  connec- 
tions to  them  is  a  simple  one,  but  when  improperly  attended 
to  always  produces  much  trouble.  One  of  the  most  approved 
binding  posts  and  the  method  of  attaching  it  to  the  shell  is 
shown  in  Fig.  16.  In  this,  5  is 
the  stem  of  the  post  provided 
with  a  shoulder  s  adapted  to 
abut  against  the  shell;  the  inside 
stem  extends  through  the  shell 
and  is  screw-threaded  to  receive 
a  nut  for  securing  it  in  place. 
A  small  hole  is  preferably 
drilled  in  the  inner  end  of  this 
stem  for  the  reception  of  the 
heavy  leading-in  wire,  which 
is  soldered  in  place  after  being 
inserted.  C  is  a  collar  adapted  to  slide  loosely  on  the  upper 
part  of  the  stem,  and  iV  is  a  thumb  nut  adapted  to  press 
the  collar  C  firmly  against  the  cord  terminal  inserted  into 
the  hole  O  through  the  main  stem.  Great  attention  should 
be  paid  to  preventing  the  binding  posts  from  twisting 
in  their  places,  as  this  action  often  causes  a  short  circuit  by 
allowing  one  terminal  of  the  receiver  cord  to  come  in  con- 
tact with  the  other.  The  twisting  may  be  prevented  by  the 
insertion  of  small  dowel-pins  in  the  shoulders  on  the  stem  of 
the  post,  which,  when  the  post  is  forced  into  place,  enter  the 
shell.  Another  way  of  preventing  this  short-circuiting  by 
the  twisting  of  posts  is  by  use  of  a  small  hard-rubber  block 
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attached  to  the  shell  between  the  two  binding  posts,  such  a 
block  being  shown  at  B  in  Fig.  4. 

It  is  well  to  leave  the  inner  ends  of  the  stem  of  the  post 
long  enough  to  project  a  slight  distance  beyond  the  hard 
rubber,  so  that  the  hard  rubber  itself  will  not  be  unduly 
heated  in  soldering  the  leading-in  wire  in  place.  Failure  to 
provide  against  this  is  the  cause  of  many  loose  binding 
posts,  for  when  the  shell  is  heated,  it  softens  and  thus  yields 
to  the  pressure  exerted  on  it  by  the  inner  nut.  The  use  of 
binding  posts  on  the  outside  of  receivers  has  been  discon- 
tinued by  many  manufacturers. 

33«  Receiver  Cords. — In  order  to  allow  for  the  han- 
dling of  the  receiver,  it  is  necessary  to  connect  it  with  the 
body  of  the  telephone  by  a  flexible  conductor  that  permits  the 
free  movement  of  the  receiver,  and  at  the  same  time  main- 
tains electrical  connection  between  its  terminals  and  the 
interior  circuits  of  the  telephone  box.  The  cord  must  nec- 
essarily contain  two  conductors,  one  leading  to  each  terminal 
of  the  receiver.  These  conductors  are  usually  formed  of 
twisted  or  braided  tinsel  strands  provided  with  an  insulating 
covering  of  silk  or  cotton,  and  afterwards  laid  together  and 
covered  with  a  braiding  of  worsted  or  silk,  binding  the  two 
conductors  together.  As  a  precaution  against  mechanical 
injury  to  the  conductors,  it  is  not  uncommon,  after  the  first 
layer  of  insulation  has  been  put  on,  to  incase  each  conductor 
in  a  spiral  wrapping  of  spring  brass  wire.  This  wire  forms 
no  part  of  the  conductor,  but  serves  as  a  flexible  mechanical 
protector  for  the  conductor  within.  The  two  armored  con- 
ductors are  afterwards  braided  over  in  the  manner  before 
described.  It  is  best  to  bind  in  with  the  conductors  a  cord 
that  may  be  designed  to  relieve  the  conductors  of  all  the 
strain  by  securely  tying  it  to  firm  supports  at  each  end.  Or, 
the  outer  braid  may  be  made  to  form  a  cord,  with  or  without 
special  terminal  pieces,  at  each  end. 

A  good  receiver  cord  is  made  as  follows:  The  conductor 
is  composed  of  a  large  number  of  tinsel  strands  with  which 
a  few  fine  copper  wires  are  woven  in  order  to  impart  a  greater 


I 

I 


TELEPHONE    RECEIVERS  33 

Strength.  About  this  conductor  is  wrapped  a  layer  of  floss 
silk;  this  is  preferably  put  on  as  a  wrapping  instead  of  as  a 
braliling,  because  the  former  serves  to  bind  the  fine  ends  of 
the  conductors  closely  together,  thus  affording  them  no 
chance  to  project  through  the  insulation  and  form  a  short 
circuil  with  the  companion  conductor.  Over  this  layer  of 
silk  is  placed  a  braid  of  linen  or  hard  cotton,  outside  of 
which  is  placed  the  armor  of  spring  brass  wire.  The  two 
condnctors  are  then  laid  together  and  served  with  a  braiding 
of  colored  worsted,  thus  giving  them  the  welt-known 
appearance. 

The  worsted  receiver  cord,  made  by  the  Kellogg  Switch- 
board and  Supply  Company,  consists  of  twenty-seven  strands 
of  tinsel  covered  with  an  inner  braiding  of  cotton  and  an 
outer  braiding  of  worsted.  One  conductor  has  a  black 
worsted  braiding,  and  the  other  a  red-and-black  worsted 
braiding.  Both  conductors  are  enclosed  in  a  dark-red-and- 
black  worsted  braiding  provided  with  stay-cords  at  each  end 
to  take  the  weight  of  the  receiver  off  the  cords.  Both  con- 
ductors are  provided  with  proper  terminals  at  each  end. 
Their  green-silk  receiver  cords  consist  of  twenty-seven 
strands  of  tinsel  with  one  white-cotton  and  one  green-cotton 
braiding,  the  two  conductors  being  covered  with  a  green-silk 
braiding  reenforced  at  both  ends  and  provided  with  stay- 
cords.  One  conductor  has  a  red  tracing  thread  in  the 
braiding. 

34.  Cord  Tips. — The  most  difficult  matter  in  the  con- 
Btniction  of  receiver  cords  is  to  attach  the  tips  to  the  con- 
ductors so  that  the  strain  due  to  the  handling  of  the  receiver 
will  not  fall  on  the  conductor  itself,  but  on  the  braiding, 
and  at  the  same  time  to  provide  against  breakage  at  the 
juncture  of  the  conductor  and  the  tip,  due  to  the  sharp  bend- 
ing that  is  likely  to  occur  at  that  point.  One  of  the  best 
methods  of  overcoming  this  difiiculty  is  shown  in  Fig.  17. 
A  ii  a  pointed  piece  of  wire  forming  the  tip  of  the  cord. 
The  pointed  end  of  this  is  inserted  in  the  conductor  of  the 
cord,  and  passed  out  through  the  braid,  and  bent  over  on 
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itself  so  as  to  form  a  hook,  as  shown.  This  hook  is  then 
closed  by  pressure  with  a  pair  of  pincers  and  the  end  wrapped 
with  thread,  after  which  the  thimble  B  is  slipped  in  place 
over  the  hook  and  securely  soldered.  This  thimble  is  of 
such  size  as  to  fit  closely  over  the  externa}  portioti  of  the 
cord,  therefore  rendering  it  impossible  to  pull  off  the  tip 
without  tearing  through  the  external  braiding,  which  in  itself 
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possesses  considerable  strength.  Instead  of  the  thimble  B  a 
wrapping  of  wire  may  be  used,  as  shown  in  the  lower  right- 
hand  view  in  Fig.  17. 

35.  Combination  Cord  Clamp. — The  cords  supplied 
regularly  with  the  Dean  Electric  Company's  receiver,  which 
resembles  the  receiver  made  by  the  American  Electric  Tele- 
phone Company,  has  metal  tips,  as  shown  at  B^  Fig.  17,  on 


3fmMlitritf7ms€iBMf 


Pio.  18 

all  four  ends.  The  cord  is  fastened  to  the  magnet  yoke  by 
an  extension  of  the  outer  braiding;  the  other  end  of  the  cord 
has  a  similar  extension  of  the  braiding,  but  this  is  provided 
with  a  metal  eye,  by  means  of  which  the  cord  is  anchored  to 
one  of  the  binding  posts  to  which  one  tip  is  connected. 
Combination  binding  clamps,  shown  in  Fig.  18,  are  fastened 
on  opposite  sides  of  the  receiver  magnets  within  the  shell. 
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These  binding  clamps  are  so  constructed  that  they  will 
tightly  grip  any  standard  cord  tip,  like  that  shown  at  B  in 
Fig.  17,  in  the  manner  shown  at  Fig.  18  (a),  or  will  securely 
clamp  under  the  head  of  the  binding  screw  the  end  of  any 
ordinary  cord,  as  shown  at  Fig.  18  {b).  The  binding  clamps 
have  ends  that  project  into  the  receiver  cup  containing  the 
coils  and  to  which  the  ends  of  the  coils-  are  soldered. 


TESTING    RECEIVERS 

36.  It  is  very  important  that  a  telephone  receiver  should 
respond  to  currents  of  very  high  frequency,  for  the  high- 
frequency  currents  are  the  most  weakened  in  transmission 
over  lines,  especially  long  lines  and  cables;  therefore,  it  is 
necessary  that  they  be  not  further  weakened  in  their  reproduc- 
tion by  the  receiver  into  sound;  otherwise,  the  articulation 
will  be  still  more  muffled.  According  to  Mr.  W.  W,  Dean, 
in  the  American  Telephone  Journal,  experience  seems  to 
show  that  a  telephone  receiver  that  will  detect  very  weak 
currents  of  1,000  cycles  per  second  will  also  produce  a  suf- 
ficiently loud  sound  when  strong  currents  of  a  very  much 
lower  period  pass  through  it. 

The  pull  of  the  permanent  magnets  on  the  diaphragm  of  a 
receiver  causes  the  diaphragm  to  be  normally  deflected  out 
of  a  straight  line  toward  the  magnets.  In  the  average 
receiver,  this  deflection  from  a  straight  line  is  about 
.002  inch,  depending,  of  course,  on  the  thickness  and  diam- 
eter of  the  diaphragm,  strength  of  the  permanent  magnets, 
and  the  distance  between  the  pole  pieces  and  the  clamping 
surface  on  which  the  edge  of  the  diaphragm  rests.  The 
resistance  of  the  windings  of  the  telephone  receiver  can 
suflEer  wide  variations  without  appreciably  affecting  the 
volume  of  transmission,  because  it  forms  a  very  small  part 
of  the  total  resistance  of  the  circuit  in  which  it  is  connected. 

37.  Dean  Method. — In  making  comparative  tests  of 
receivers  of  different  dimensions  and  makes,  Mr.  Dean  says 

* 

the  method  shown  in  Fig.  19  is  an  extremely  valuable  one. 
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The  toothed  wheel  IV  is  made  of  cast  iron  and  is  mounted 
directly  on  the  shaft  of  a  small  direct-current  fan  motor. 
Rigidly  mounted  in  front  of  this  toothed  wheel  are  the  mag- 
nets and  bobbins  of  an  ordinary  bipolar  telephone  receiver. 
When  the  toothed  wheel  IV  revolves  in  front  of  the  cores, 
an  alternating  current  is  generated  in  the  coils;  in  other 
words,  this  is  simply  a  small  alternating-current  generator. 
In  the  machines  that  Mr.  Dean  has  constantly  used  for  a 
number  of  years,  the  wheel  IV  has  twenty  teeth,  and  he  has 
been  able  to  revolve  it   at  the  rate   of   3,000  revolutions 
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per  minute,  so  that  an  alternating  current  of  1,000  cycles 
per  second  is  generated  in  the  receiver  coils. 

When  this  current  is  passed  through  a  second  telephone 
receiver,  a  loud  pure  tone  of  extremely  high  pitch  is  heard. 
Connect  the  terminals  of  this  small  alternating-current  gen- 
erator through  an  adjustable  rheostat  E  to  the  terminals 
of  a  slide  wire  a  b  that  is  1  meter  long  and  is  divided  into 
1,000  parts,  or  millimeters.  Adjust  the  potential  difference 
between  the  points  a  and  b  to  any  desired  amount  by  means 
of  the  rheostat  E,  In  comparing  two  receivers,  the  method 
is  as  follows:     Connect  one  terminal  of  the  receiver  through 
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a  very  high  resistance  n  to  the  point  a  of  the  slide  wire,  and 
the  other  terminal  of  the  receiver  to  the  sliding  connection  c. 
Move  the  point  c  along  the  slide  wire  until  the  sound  of  the 
alternator  is  just  audible  in  the  receiver,  and  then  note  the 
reading  on  the  scale.  Say,  for  instance,  that  the  reading  is 
750  millimeters.  Next,  the  receiver  that  is  to  be  compared 
with  the  first  one  is  substituted  for  receiver  jR,  and  then,  by 
sliding  the  contact  c,  the  point  is  found  at  which  the  alter- 
nating current  is  just  audible  in  this  receiver,  and  a  second 
reading  is  made,  say,  for  example,  650  millimeters.  It  is 
fair  to  suppose  now  that  the  relative  values  of  these  two 
receivers  are  represented  by  750  and  650.  It  is  necessary  in 
making  this  test  to  place  the  apparatus  in  a  sound-proof 
booth.  Otherwise,  it  is  impossible  to  accurately  determine 
the  point  at  which  sound  is  first  audible,  and  to  be  of  value 
the  experiment  must  be  accurately  performed. 

38.  Taylor  Method. — A  very  simple  way  to  compare 
the  sensitiveness,  or  strength,  of  receivers,  given  by  W.  A. 
Taylor  in  the  Electrical  Review,  is  as  follows:  Remove  the 
cap  and  diaphragm  from  a  receiver  and  fasten  it  solidly  into 
the  tool  post  of  a  lathe.  Then  between  the  lathe  centers 
place  a  gear-wheel  such  as  is  generally  used  about  a  lathe, 
say  about  6  inches  in  diameter.  Bring  the  receiver  poles 
close  to  the  teeth  of  the  gear  and  then  start  the  lathe  on 
high  speed.  From  this  receiver,  run  a  line  to  the  receiver 
to  be  tested;  on  listening  to  this  latter  receiver,  a  loud 
musical  hum  will  be  heard.  Now  run  the  tool  post  back 
from  the  gear  until  a  point  is  reached  where  the  hum 
becomes  inaudible.  In  place  of  the  receiver  being  tested 
substitute  another,  and  see  if  the  hum  can  be  heard  with  the 
tool  post  as  far  or  farther  than  before.  If  the  tool-post 
screw  has  an  index  attachment,  it  will  facilitate  the  mark- 
ing of  the  distances.  This  method  will  not  give  exactly 
the  proportional  relation  between  receivers,  as  the  mag- 
netic field  reduces,  not  directly  as  the  distance,  but  more 
nearly  proportional  to  the  square  of  the  distance  between 
the  pole  pieces    and    the    gear-teeth.     This    is,  however,  a 
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simple  test  for  loudness  and  sensitiveness,  but  will  tell 
absolutely  nothing  about  articulation.  The  latter  is,  of 
course,  of  the  most  importance  and  can  be  judged  only 
from  a  test  of  words  spoken  before  a  transmitter  known 
to  be  very  superior.  Such  tests  will  be  considered  in 
connection  with  induction  coils.  Almost  any  receiver  will 
articulate  plainly  on  a  line  where  the  voice  currents  are 
weak,  but  the  severe  tests  come  from  transmission  that 
is  excessively  strong.        

RECEIVER    TROUBLES 

39.  Receiver  troubles  are  mostly  due  to  bad  adjust- 
ment, dented  or  bent  diaphragm,  broken  wire,  or  weak 
magnets.  The  magnet  should  hold  up  8  ounces  of  iron.  It 
will  be  frequently  found  that  subscribers,  or  their  employes, 
have  been  tampering  with  the  diaphragm  through  the  small 
aperture,  indicated  by  the  indentations  caused  by  a  pencil;  in 
this  case  the  only  thing  to  do  is  to  change  the  diaphragm  and 
warn  the  party. 

The  adjustment  of  receiver  magnets  is  different  in  eacii 
style.  A  good  way  to  test  the  adjustment  is  to  lay  a  long 
pencil  across  the  ear  piece  at  the  end  of  the  magnets,  with 
the  cap  and  diaphragm  off  and  adjust  the  magnet  so  that  it 
is  aV  inch  clear  of  the  pencil.  A  part  of  the  receiver 
is  the  cord  attaching  it  to  the  instrument,  and  this  frequently 
causes  trouble  by  being  broken  or  having  the  tinsel  worn; 
in  which  case,  an  irritating  intermittent  trouble  presents 
itself,  and  must  be  patiently  looked  for  and  repaired;  it  is 
generally  caused  by  the  tinsel  being  worn  and  making  poor 
contact;  it  can,  as  a  rule,  be  found  by  twisting  or  pulling  the 
cord  while  holding  the  receiver  to  the  ear.  The  interior  of 
the  receiver,  especially  between  the  cores  and  the  diaphragm, 
should  be  kept  clear  of  dust. 

Sometimes  it  is  necessary  to  take  the  receiver  cap  off  in 
order  to  investigate  trouble,  and  it  may  be  found  that  the  cap 
cannot  be  turned.  Several  quick  raps  with  a  piece  of  soft 
wood  on  the  edge  of  the  cap  will  generally  loosen  it;  if  not, 
heat  the  cap  and  it  will  be  loosened  by  expansion. 
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MAGNETO-TRANSMITTERS 

1.  While  the  magneto-telephone  is  extensively  used  as 
a  receiver  it  is  no  longer  used  as  a  transmitter  even  on  short 
lines.  Moreover,  the  microphone  transmitter  has  proved  so 
much  superior  for  use  on  short  as  well  as  long  lines  that 
there  is  little  or  no  demand  for  magneto-transmitters. 
While  the  patents  on  microphone  transmitters  were  in  force, 
magneto-transmitters  were  made;  but  they  are  no  longer 
manufactured  or  used  in  telephone-exchange  systems  in  the 
United  States. 

The  magneto-transmitter  is  seemingly  the  ideal  instrument 
for  generating  currents  corresponding  to  the  vibrations  set 
up  by  the  voice.  They  require  no  battery  power,  and  when 
properly  constructed  and  adjusted,  need  no  attention  what- 
ever. They  articulc.te  exceedingly  well,  and  their  only  draw- 
back is  in  their  lack  of  power,  which  so  far  has  proved  an 
insurmountable  difficulty.  It  is  usually  necessary  to  talk 
very  loud  or  shout  into  them.  They  may  be  used  where  it 
is  impossible  or  very  inconvenient  to  use  a  battery  for  a 
microphone  transmitter.  Watch-case  receivers  are  frequently 
used  as  transmitters  in  linemen's  testing,  sets,  which  are 
usually  made  as  light  and  compact  as  possible.  A  magneto- 
transmitter  should  have  a  powerful  magnetic  field,  this  means 
one  or  more  powerful  permanent  magnets  and  a  diaphragm 
correspondingly  thicker  and  larger  in  diameter.  At  one  time 
the  Stromberg-Carlson  Telephone  Manufacturing  Company 
made  a  magneto-transmitter,  using  large  permanent  magnets 
that  served  also  for  the  magneto-generator. 

Copyri£hUd  hf  InUmationa!  Textbook  Company.    Entered  at  Stationers'  Hall,  London 
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MICROPHONE  TRANSMITTERS 


CliASSIFICATION 

2«  The  various  forms  of  commercial  microphone  trans- 
mitters will  be  considered  under  three  separate  heads,  the 
classification  being  substantially  the  same  as  that  adopted  by 
the  United  States  Patent  Office. 

3.  Singrle-Contact  Microphones. — These  are  instru- 
ments where  but  a  single  pair  of  contacts  is  used  as  the 
variable  resistance  medium. 

4.  Multiple-Electrode  Microphones. — Soon  after  the 
invention  of  the  microphone,  many  attempts  to  improve  its 
efficiency  were  made  by  increasing  the  number  of  pairs  of 
contacts  through  which  the  current  passes.  This  class  is 
well  termed  multiple  electrode.  In  some  of  these,  the 
circuit  is  so  arranged  as  to  include  the  various  contacts  in 
multiple  or  parallel,  in  others  so  as  to  include  them  in  series, 
and  in  others  in  a  combination  of  the  two,  that  is,  both  in 
series  and  in  parallel. 

5.  Granular   Microphones. — These    are    in   reality   a 

particular  form  of  the  multiple-electrode  type,  but  are  of  such 
distinct  construction  as  to  warrant  putting  them  in  a  sepa- 
rate class.  Nearly  all  good  commercial  transmitters  at  the 
present  time  use  granular  carbon  as  the  variable  resistance 
medium,  this  idea,  it  will  be  remembered,  having  been  con- 
ceived by  Running.  

SINGLE -CONTACT     MICROPHONE     TRANSMITTERS 

6.  The  Blake  Transmitter. — One  of  the  early  trans- 
mitters was  that  devised  by  Francis  Blake,  and  is  shown  in 
Fig.  1.  It  was  extensively  and  constantly  used  in  the  United 
States  for  about  20  years,  not  because  it  was  better  or  even 
as  good  as  many  others,  but  because  it  was  fairly  efficient 
and  required  little  battery  power. 


Is  4 
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Around  the  edge  of  the  diaphragm  is  stretched  a  soft- 
I rubber  band,  serving  to  insulate  it  from  the  iron  frame  and  to 
I  allow  ll  (reedom  in  vibrating.  Two  damping  springs  I',,  F,, 
I  tipped  with  rubber,  rest  lightly  on  the  diaphragm  D.  to  pre- 
I  vent  the  continued  vibration  of  the  diaphragm  at  its  own 
I  panicular  rate  after  the  sound  vibrations  cease  to  control  its 
I  tnovemenls.     Thus  it  is  brought  to  rest  immediately,  and  is 


s» 


rTCady  fo  respond  to  the  following  sound  waves  without  inter- 
I  fering  with  them  by  its  own  natural  vibrations,  which  would 
I  cattse  indistinctness  in  the  sound  given  out  by  the  receiver. 
I  They  also  prevent  too  great  an  amplitude  of  vibration  of 
I  the  diaphragm. 

Flexibly  mounted  on  the  upper  lug  r  by  the  spring  5  is  a 
[  lever  L.  on  which  is  mounted  a  spring  C/,  which  carries  the 
[>  back  electrode  E.  formed  of  a  hard  carbon  button,  set  into 
La  rntbcr  heavy  brass  button.     This  carbon  electrode   is  in 
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electrical  contact  with  the  lever  L,  On  an  insulating  block 
also  mounted  on  the  lever  L,  and  thus  insulated  at  this  place 
from  both  it  and  ^he  spring  U^  is  attached  a  lighter  spring  7 
carrying  at  its  lower  end  a  small  piece  of  platinum,  which  is 
held  between  the  diaphragm  and  the  carbon  button.  The 
normal  set  of  the  spring  T  is  toward  the  button  and  away 
from  the  diaphragm,  but  the  pressure  of  the  spring  U^  which 
is  much  the  stronger  of  the  two,  overcomes  this  and  keeps 
the  platinum  pressed  against  the  diaphragm.  This  prevents 
any  possible  parting  of  the  carbon  and  platinum  electrodes, 
which  would  cause  a  serious  disturbance  at  the  receiver. 
The  frame  Ry  which  is  in  electrical  connection  with  the  back 
electrode,  forms  one  terminal  of  this  instrument,  while  the 
spring  7  forms  the  other  terminal.  The  adjustment  of  pres- 
sure between  the  electrodes  is  accomplished  by  turning  the 
screw  F,  which  moves  the  lever  L  backwards  or  forwards  in 
afa  obvious  manner.  Many  experiments  were  performed  try- 
ing various  substances  as  electrodes,  and  it  was  determined 
that,  of  all  easily  obtainable  materials,  one  electrode  of  car- 
bon and  the  other  of  platinum  gave  the  best  results.  When 
both  electrodes  were  made  of  carbon,  they  seemed  less  apt 
to  part  and  thus  produce  a  click  in  the  receiver  due  to  a  break 
in  the  microphone  contact  than  when  one  electrode  was  car- 
bon and  the  other  of  platinum,  but  the  latter  combination 
gave  a  better  quality  to  the  reproduced  sound.  The  carbon 
should  be  hard  and' well  polished,  so  as  to  avoid  wear  at  its 
contact  with  the  platinum.  The  brass  button  into  which  the 
carbon  button  is  set  is  made  heavy,  so  as  to  have  considera- 
ble inertia.  A  light  electrode,  no  matter  how  the  strength 
of  the  spring  is  varied  or  adjusted,  does  not  give  nearly  as 
good  results.  The  inertia  of  the  heavy  electrode  tends  to 
prevent  its  velocity  increasing  or  decreasing  as  rapidly  as 
the  velocity  of  the  platinum  electrode,  and  therefore  there  is 
a  greater  change  in  the  pressure  than  would  be  the  case 
where  a  constant  pressure  of  a  spring  only  was  utilized. 
This  transmitter,  when  in  good  adjustment,  articulates  well 
and  transmits  the  quality  of  the  voice  very  well.  It  is  not 
very  powerful,  however,  and  will  not  stand  more  than  one 
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of  battery:  more  cells  will  cause  the  instrument  to  give 
ttb  a  sinsine  or  sputtering  sound. 

7.  The  production  of  the  humming  sound  caused  by  too 
;ht  an  adjustment  between  the  electrodes  or  by  too  great 
battery  power  is  due  to  what  is  known  as  Trevelyan's 
feet.  When  the  current  passes  through  the  point  of  con- 
ct  it  causes  a  heating,  and  therefore  an  expansion,  of  the 
rticles  in  the  contact.  This  forces  the  electrodes  farther 
ray  and  thereby  increases  the  resistance  through  them;  this 
minishes  the  current  and  therefore  lowers  the  temperature, 

IS  allowing  the  electrodes  to  come  closer  together  again. 

lis  in  turn  diminishes  the  resistance,  causes  an  increase  in 
e  flow  of  current,  and  produces  another  heating  effect,  so 
at  nnder  a  particular  adjustment  these  effects  take  place 
iriodically  and  cause  the  humming  sound  referred  to. 

The  average  resistance  of  this  transmitter  is  about  5 
iras.  It  is  not  satisfactory  for  long-distance  transmission 
id  is  easily  put  out  of  adjustment.  It  works  best  with 
lout  .13  ampere  and  when  the  speaker's  mouth  is  about  4 
ches  from  the  mouthpiece. 

MITLTIPLE-ELECTKOUE  TRANSMITTERS 

8.  Carboii-Bnll  Transmitter. — All  carbon-ball  trans- 
itiers  are  modifications  of  the  Hughes  microphone.  The 
irm  shown  in  Pig.  2  is  a  good  example  of  a  transmitter 

belonging  to  tlte  multiple-electrode  class.     A  vibrating  dia- 
pbniem   D,  in   this  case  of  carbon,  is  clamped  between  a 
■rubber  cup  C  and  a  metal  cap  B,  the  latter  carrying 
ithpiece  M.     Secured  by  a  screw  a  is  the  back  carbon 
:k  A,  having  a  number  of  cylindrical  holes  bored  in  its 
surface.     Within  each  of  these  holes  is  a  carbon  ball 
ich  rests  loosely  against  the  diaphragm  and  against  the 
:k  block,  and  therefore  completes  the  circuit  between  the 
In  electrical  contact  with  the  diaphragm  is  a  metal 
B  to  which  is  secured  a  wire  b  for  making  connection 
one  side  of  the  local  circuit.     The  screw  a  makes  con- 
it  with  the  carbou  block,  and  the  «-ire  a'  leading  from  it 
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connects  with  the  other  side  of  the  local  circnit.  This  fonn 
of  transmitter  is  capable  of  giving  very  fair  resalts,  but  has 
licen  almost  entirely  superseded  by  those  of  the  jrrannlar- 
carbon  type,  which  will  be  described  later.  This  transmitter 
has  the  ailvantage  of  requiring  little  attention,  if  properly 
made,  but  a  loud  sound  often  causes  the  contact  between  the 


(lia]thra;;m  and  the  balls  to  break  entirely,  thus  producing 

louil  and  unpleasant  raspinji  sounds  in  the  receiver. 

i).     'I'lic  'rurnliiill  Trmisiniftor. — This  is  another  form 

of  multiijk-clcctrodc  instrument  now  very  little  used,  but 
intcicstin^  and  instructive  as  being  one  of  the  most 
promising  instruments  in  the  multiple-electrode  class.  It  is 
shiiwn  in  Fig.  3.  in  which  D  represents  the  vibrating  dia- 
l)hrai,'m,  usually  of  thin,  dry  wood.  Secured  across  .the 
upper  portion  of  the  diaphragm  is  a  horizontal  rod  on  which 
a  number  of  cylindrical  carbon  pendants  P  are  pivoted. 
The  lower  ends  of  these  pendants  rest  against  a  horizontal 
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irboQ  rod  about  opposite  the  horizontal  center  line  of  the 
iaphragm.    The  circuit  may  be  traced  from  the  upper  pivot 

which  is  of  conducting 
Daterial,  or  carbon,  through  the 
fcveral  pendants,  In  multiple, 
be  lower  carbon  rod. 
Fhen  the  diaphragm  vibrates, 
pressure  on  the  various 
ontacts  varies,  and  each  pro-  ' 

.  its  own  microphonic 
ffeet,  all,  however,  supposedly 
cting  in  unison. 
This  transmitter  proved  ex- 
edingly  sensitive,  but  was 
>en  to  the  same  objection  as 
he  carbon-ball  instrument,  of 
ireaktng  contact  on  being  actu- 
ted  by  loud  sounds.  Instru- 
Bents  of  this  and  similar  types 
3ibodying  carbon  pencils  rest- 
ig  in  various  manners  against 
locks    of    carbon   have   been 

scd  to  a  comparatively  slight  extent  in  this  country,  but  have 
let  with  better  favor  in  Europe,  where  they  may  still  be  found. 


''«P! 
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UUANLtLAH  TKANSMlTIiaLS 
10.  The  Kricssoa  Transmitter, — This  instrument, 
rhich  is  shown  in  Fig.  4,  is  manufactured  in  Sweden  and 
nported  into  this  country  as  a  companion  piece  to  the 
Ericsson  bipolar  receiver.  It  is  an  excellent  transmitter, 
roditcing  a  tone  almost  perfect  in  quality,  and  although  not 
Uile  so  powerful  as  some  other  instruments,  is  sufficiently 
>  to  be  used  on  very  long  lines.  The  diaphragm  D.  made 
(  ferrotype  metal,  is  held  in  its  position  against  the  forward 
Drtion  of  the  casing  by  two  pairs  of  light  springs  i  bearing 
fainst  four  points  on  its  rear  surface.  To  the  rear  of  the 
iapbnigm  is  riveted  a  thin  sheet-metal  electrode  E,  which  is 
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gold  plated,  in  order  to  prevent  corrosion  and  to  secure  clean 
contact.  The  back  electrode  C  is  a  cylindrical  carbon  block 
having  circular  grooves  in  its  front  face.  Around  the  cylin- 
drical edge  of  this  block  is  wound  a  layer  of  cloth  c  in  such 
a  manner  as  to  project  about  i  inch  beyond  the  front  face  of 
the  block.  This  projecting  edge  of  cloth  is  frayed  so  as  to 
press  lightly  against  the  edges  of  the  front  electrode  without 
interfering  seriously  with  its  vibrations.  The  chamber 
enclosed  by  this  cloth  is  tilled  with  granular  carbon.  The 
cloth  c  serves  not  only  to  confine  the  granular  carbon  within 
its  chamber,  but  as  a  damper  to  prevent  too  violent  a  motion 
of  the  diaphragm.     An  additional  damper  is  formed  by  the 


coiled  spring  s/  in  the  central  cavity  in  the  back  block,  which 
presses  a  small  tuft  of  cotton  against  the  center  of  the 
front  electrode.  In  order  to  prevent  moisture  from  the 
breath  from  entering  the  instrument,  a  thin  diaphragm  d 
of  oiled  silk  is  placed  in  front  of  the  diaphragm  D  and 
forms  a  moisture-proof  packing  between  the  front  edges 
of  this  diaphragm  and  the  metal  casing  that  encloses 
the  working  parts  of  the  transmitter.  This  silk  diaphragm 
has  been  found  not  to  affect  appreciably  the  transmitting 
qualities  of  the  instrument.  The  granular  carbon  is  rough, 
but  very  uniform  and  rather  fine  in  size.  For  central- 
energy  systems,  this  transmitter  is  designed  to  use  about 
,025  ampere. 


piece  ] 
uame 
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11.  The  DeYonu  Transmitter. — The  DeVeau  trans- 
mitter is  shown  in  Fig.  S,  One  corrugated  carbon  disk  e  is 
cemented  to  a  thin  brass  disk  a  and  the  two  are  fastened  to 
Ihe  diaphragm,  which  is  insulated  from  the  frame  by  a 
rubber  band  around  its  edge-  A  tine  wire  has  one  end 
Eoldered  to  the  disk  a  and  the  other  end  to  a  brass  terminal 
piece  mounted  on  the  hard-rubber  piece  /.  Similar  carbon 
and  brass  disks  c,b  are  fastened  to  the  round  brass  rod  /, 
which   is   supported   by  a  bridge 

Siece  n  fastened  to  the  substantial 
me  that  also  forms   the  other 
terminal  of  the  instrument.    There 

(  a  setscrew  by  which  i  may  be 
held  firmly  in  place  when  once 
Sdjusted.  Around  the  two  carbon 
^isks  is  a  piece  of  chamois  skin 
that  is  held  in  place  by  two  fine 
bindtn):  wires,  one  in  each  gronvi 
formed  between  the  edges  of  iIk 
carbon  and  brass  disks,  the  chamois  ■, 

Bkin  being  loose  enough  to  put  no   j^  J j 

strain  on  the  carbon  electrodes. 
The  space  between  the  carbons  is 
partly  filled  with  very  hard  rough 
carbon  of  uniform  size.  The  brass 
disks  a,  b  are  A  inch  thick  and  the 

arbon  disks  (.e\  inch  thick;  both 

ire  S  inch  in  diameter.  The  dia- 
phragm is  tinned  on  the  inside 
*nd  japanned  on  the  outside,  and 
,  held  in  place  by  two  rubber- 
lipped  springs,  one  of  which  bears  against  the  rubber  band 

sround  the  edge  of  the  diaphragm  and  the  other  against 
Ihe  diaphragm,  but  has  a  small  piece  of  soft  fell  between  the 

rubber  on  its  end  and  the  diaphragm.  This  transmitter, 
for  use  in  house  systems,  has  a  resistance  that  varies 
from  about  25  to  85  ohms  when  measured  by  means  of  a 
Wheatstone  bridge. 


t^ 


\ 


10       TELEPHONE  TRANSMITTERS       §4 

Although  instruments  of  this  type  are  capable  of  pro- 
ducing good  transmission,  the  center  of  the  diaphragm  is 
rather  heavily  weighted.  The  electrode,  with  its  screw, 
nut,  and  washer  holding  the  front  electrode  away  from  the 
diaphragm,  usually  possesses  considerable  weight,  and  there- 
fore inertia,  which  prevents  the  diaphragm  from  moving  with 
as  great  a  freedom  as  it  otherwise  would.  However,  this 
particular  instrument  operates  in  a  very  satisfactory  manner. 


SOLID-BACK    TRANSMITTERS 

12.  Most  of  the  granular-carbon  transmitters  now  made 
are  called  solid-back  transmitters  because  the  back 
electrode  is  rigidly  supported  by  the  frame  of  the  instru- 
ment. The  White  transmitter,  used  by  the  licensees  of  the 
American  Bell  Telephone  Company,  and  the  transmitters 
made  by  the  Kellogg  Switchboard  and  Supply  and  the 
Dean  Electric  Companies  are  solid-back  instruments  of 
very  similar  and  excellent  construction.  The  Ericsson  and 
DeVeau  are  also  solid-back  transmitters. 

13.  The  White  transmitter,  which  was  designed  by 
Mr.  Anthony  C.  White,  is  shown  in  Fig.  6.  On  a  rather 
heavy  brass  casting  H^  turned  to  the  form  shown,  all  the 
working  parts  of  the  instrument  are  mounted.  Z?  is  a 
vibrating  diaphragm  of  aluminum  .022  inch  in  thickness  and 
2a  inches  in  diameter.  Around  the  edge  of  this  diaphragm 
is  stretched  a  flat  rubber  band  p,  f  inch  wide  and  of  sufficient 
elasticity  to  allp^w  it  to  clasp  the  edges  of  both  sides  of  the 
diaphragm,  as  shown  in  the  sectional  views.  The  diaphragm 
is  held  in  its  seat  on  the  inner  surface  of  the  casting  H  by 
two  damping  springs  s,s!  secured  to  the  edge  of  the  cast- 
ing H  at  diametrically  opposite  points  by  screws;  and  each 
of  these  springs  is  tipped  with  a  piece  of  soft-rubber  tubing  y', 
so  that  the  springs  will  not  come  in  metallic  contact  with  the 
diaphragm.  The  tip  of  the  spring  s  is  also  provided  on  its 
under  side  with  a  small  felt  cushion  s!'*.  The  spring  s 
bears  against   the  diaphragm  at  a  point  nearly  half  way 
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between  its  edge  and  center.  The  spring  ^  bears  against 
the  rubber  ring  p.  The  damping  springs  j,  sf  are  of  spring 
steel  T^  inch  thick  and  liV  inches  long  bent  normally  at 
right  angles  at  their  center  points,  as  is  shown  in  detail  in 
the  upper  left-hand  portion  of  Fig.  6. 

14.  The  parts  of  the  instrument  forming  the  variable 
resistance  devices  are  separately  shown,  considerably  enlarged, 
in  the  central  portions  of  Fig.  6.  When  assembled,  these 
parts  form  what  is  termed  the  variable  resistance  button 
of  the  instrument,  which  is  complete  in  itself,  so  that  it  may 
be  entirely  removed  and  replaced  by  another,  in  case  the 
transmitter  needs  repairs.  The  black  electrode  A  is  com- 
posed of  a  carbon  disk  a  secured  to  a  flat  brass  disk  a*  form- 
ing the  head  of  a  screw  a".  This  electrode  is  secured  in 
position  in  a  chambered  block  C  of  brass  by  means  of  the 
screw  a!\  The  diameter  of  the  electrode  A  is  somewhat 
smaller  than  the  internal  diameter  of  the  chamber  in  the 
block  C  so  that  a  space  is  left  entirely  surrounding  the 
electrode.  The  inner  wall  of  the  chamber  is  lined  with  a 
paper  strip  r,  as  shown  in  the  detail  figure  of  the  block  C, 
The  front  electrode  B  consists  of  a  carbon  block  b  mounted 
in  a  similar  manner  on  a  disk  b^  forming  the  head  of  the 
shouldered  screw-threaded  shaft  having  screw  threads  y ,  ^'", 
as  shown.  ^  is  a  mica  washer  adapted  to  fit  over  the 
shoulder  b"  on  the  electrode  B^  and  of  sufficient  external 
diameter  to  close  the  opening  in  the  chamber  in  the  block  C, 
This  washer  is  held  in  its  position  against  the  electrode  B  by 
a  nut  /^having  an  internal  screw  thread  /  adapted  to  engage 
the  thread  on  the  shoulder  b" ,  In  assembling  the  button, 
the  electrode  A  is  secured  in  place  in  the  block  C,  and  the 
chamber  is  nearly  filled  with  fine  granular  carbon.  The 
electrode  B,  with  its  washer  E  secured  in  place,  is  then  laid 
over  the  opening  and  clamped  in  position  by  the  internally 
threaded  collar  G,  the  screw  thread  g  on  which  engages  the 
external  screw  thread  c'  on  the  block  C 

The  button,  as  a  whole,  is  secured  in  place  in  the  trans- 
mitter by  means  of  the  rearwardly  projecting  lug  c  on  the 
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block  C,  which  fits   in  a  collar  in  a  bracket  J  secured  by 
9  y  to  the  casting  H.    The  button  may  be  clamped  in 
my  desired  position  by  means  of  the  screw  n  and  its  lock- 
'.  which  passes  through  one  side  of  the  collar  J.    The  for- 
BTardly  projecting  screw  b'"  of  the  electrode  D  passes  through 
ntral  hole  in  the  diaphragm  and  is  secured  in  position  by 
wo  small  nuts  /  and  /'. 
The  back  electrode  A,  being  firmly  mounted  on  the  frame 
jof  the  transmitter,  is  held  sialionary,  while  the  front  elec- 
trode, being  rigidly  secured  to  the  diaphragm  D,  is  forced  to 
rtake  of  all  of  its  vibrations  to  and  fro.     This  vibration  of 
ihe  front  electrode  is  rendered  possible  by  the  flexibility  of 
a  washer  ^.     The  x-ibrations  of  the  diaphragm,  there- 
fore, produce  corresponding  variations  in  pressure  between 
the  two  eleclrodes  and  the  granular  carbon  between  them, 
thus  bringing  £.bout  the  microphonic  action  in  a  very  perfect 
manner.     The  damping  springs  prevent  an  undue  vibration 
nf  Ibe  diaphragm,  corresponding  to  some  particular  rate  at 
Vhich  it  might  be  specially  adapted  to  vibrate. 


15.     The  entire  transmitter  is  supported  by  a  metallic 

ell   /".   from  which   it    is  readily  removed  when  desired. 

S'his  shell  forms  one  terminal  of  the  transmitter,  as  it  is  in 

metallic  connection  through  the  frame  of  (he  instrument  with 

|lhe  back  electrode  A.     The  other  terminal  of  the  instrument 

I  a  brass  clip  K  mounted  on  a  fiber  block  k  secured  to  the 

xracket  J.     This  terminal  A"  is  electrically  connected  with 

•  front  electrode  by  means  of  a  fine  coiled  wire  w.    The 

Eaces  of  the  carbon  electrodes  in  this  transmitter  are  highly 

lolished  and  perfectly  plane.     The  space  within  tlie  chamber 

fe»  entirely  filled  with  a  comparatively  fine  granular  carbon, 

[be  granules  being  of  a  very  uniform   size  (not   more   than 

>21  inch  or  less  than  .01!)  inch  in  diameter).     The  average 

tesistaace  of  the  White  transmitter  used  on  common-battery 

fcystems  is  about  35  to  SO  ohms;  it  varies  in  resistance  from 

labout  18  to  90  ohms.     It  is  said  to  work  well  in  local-battery 

liDStruments  with  .32  ampere  and  in  common-battery  instru- 

Iments  with  .17  ampere.  , 
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16.  The  KelloKf?  triinsniltter  is  shown  in  Flfir.  7.  On 
the  frame  of  the  instrument  is  fastened  a  bridge  piece  k  ot 
rather  heavy  sheet  brass,  used  to  support  the  rear  carbon 
electrode,  which  is  cemented  to  a  brass  piece  «.  The  center 
portion  of  a  mica  diaphragm  e  is  tightly  held  between  the 


two  brass  pieces  w,  n  forming  part  of  the  rear  electrode. 
The  outer  edge  of  this  mica  diaphragm  is  held  between  the 
hard-drawn  aluminum  diaphragm  d  and  a  small  aluminum 
ring  r,  which  aie  fastened  togelher  by  rjvcls  u:  The  dia- 
phragm, which  is  about  .025  inch  in  thickness,  has  a  cylin- 
drical recess  formed  at  the  center  in  which  is  placed  the  front 
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electrode.  This  consists  of  a  carbon  disk  a  cemented  to  a 
brass  piece  that  is  fastened  tightly  to  the  diaphragm  by  a  nut 
on  a  projecting  screw.  The  diaphragm  has  a  rubber  band 
around  its  edge  and,  including  the  front  carbon  electrode,  is 
thus  insulated  from  the  frame  of  the  instrument.  The  dia- 
phragm is  held  in  its  seat  solely  by  two  damping  springs  /,  s 
secured  by  screws  to  the  frame.  The  end  of  each  spring  is 
covered  with  rubber,  to  the  diaphragm  side  of  which  is  glued 
a  small  felt  cushion.  The  spring  s  bears  directly  against  the 
diaphragm  and  the  spring  /  against  the  rubber  band  around 
the  edge  of  the  diaphragm.  The  damping  springs  prevent  an 
undue  vibration  of  the  diaphragm,  corresponding  to  some  par- 
ticular rate  at  which  it  might  be  specially  adapted  to  vibrate. 

Both  carbon  electrodes  are  very  highly  polished,  which  is 
one  of  the  most  essential  features  of  the  instrument,  and  the 
rear  one  is  somewhat  smaller  in  diameter  than  the  front  one. 
The  space  o  between  the  two  electrodes  is  partly  filled  with 
a  special  grade  of  hard  granular  carbon,  very  uniform  in 
size.  The  mica  diaphragm  insulates  the  front  and  rear  elec- 
trodes from  each  other  and  the  current  must  pass  from  the 
frame  of  the  instrument  through  the  rear  electrode,  the 
granulated  carbon,  the  front  electrode,  diaphragm,  and  con- 
necting wire  z/,  to  the  insulated  terminal  v.  The  mica  dia- 
phragm serves  not  only  to  retain  the  carbon  granules,  but 
also  as  an  auxiliary  diaphragm,  because  as  the  front  aluminum 
diaphragm  vibrates  the  mica  diaphragm  must  also  vibrate  to 
some  extent  since  its  edge  is  fastened  to  the  front  diaphragm 
and  its  center  is  held  rigid  by  the  back  electrode.  When  the 
aluminum  diaphragm  vibrates,  the  pressure  between  the  front 
and  rear  carbon  electrodes  on  the  granular  carbon  varies, 
and  moreover  the  entire  cell  vibrates,  which  it  is  claimed 
tends  to  further  shake  up  the  granules.  The  construction  of 
the  carbon  chamber  prevents  tampering  with  that  part  of  the 
instrument  and  at  the  same  time  makes  the  chamber  practi- 
cally moisture-proof.  The  rear  electrode  may  be  clamped  in 
any  desired  position  by  means  of  the  screw  /. 

Two  types  of  this  transmitter  are  made,  one  for  local- 
circuit  systems,  designated   by  the    letter   L,  and  one  for 
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common-battery  systems,  designated  by  the  letter  C,  these 
letters  being  placed  after  a  serial  number  on  the  transmitter 
case.  The  two  types  differ  only  in  the  size  of  the  parts  con- 
tained in  the  carbon  chamber. 

17.  The  Dean  Electric  Company's  transmitter  has, 

for  a  front  electrode,  a  light  cup-shaped  receptacle  without  a 
carbon  or  brass  button.  This  receptacle  is  pressed  by  the 
two  damping  springs  used  against  the  edge  of  a  circular 
opening  in  the  diaphragm,  of  which  it  forms  the  center  por- 
tion. In  other  respects,  including  the  rear  electrode  and  mica 
diaphragm,  the  Dean  and  Kellogg  transmitters  are  similar. 

The  Century  Telephone  Construction  Company  makes  a 
solid-back  transmitter  in  which  the  active  surfaces  of  the 
electrodes  are  platinum.  Platinum  surfaces  with  good  granu- 
lar carbon  between  them  should  give  excellent  articulation. 
Good  mechanical  construction,  long  life,  and  small  current 
consumption  are  also  claimed  for  this  transmitter  by  the 
makers. 

18.  Corn-plaster  transmitters  are  solid-back  instru- 
ments having  the  rear  electrode,  which  is  usually  carbon, 
rigidly  mounted  on  a  bridge  piece.  The  front  electrode  may 
be  carbon  or  metal  secured  to  the  diaphragm,  or  the  dia- 
phragm itself.  An  annular  ring  or  washer  of  soft  felt,  flan- 
nel, or  cotton,  glued  to  the  front  or  rear  electrode,  serves  to 
confine  the  granular  carbon  in  the  space  between  the  elec- 
trodes thus  formed,  and  also  to  dampen  the  vibration  of  the 
front  electrode.  On  account  of  the  resemblance  of  the  cot- 
ton ring  to  a  corn  plaster,  transmitters  of  this  type  are  some- 
times called  corn-i>laster  transmitters. 

The  Stromberg-Carlson  and  Williams  transmitters  are 
corn-plaster  transmitters.  Some  makers  do  not  use  the 
carbon  electrodes  but  use  a  gold-plated  metal.  Where  the 
metal  electrode  is  used,  it  should  be  of  some  material  that 
will  not  corrode.  For  this  reason  gold-  or  platinum-plated 
brass  is  generally  used. 

19.  The  Williams  Electric  Telephone  Company's 
transmitter  is  of  the  solid-back  corn-plaster  type;  it  has  a 
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goid-plated  rear  eleclrode  and  the  carbon  granules  are  con- 
ined  between  the  rear  electrode  and  a  carbon  diapliragm  by 

■  ring  of  soft  felt.  The  rear  electrode  is  partly  held  in  posi- 
lon  by  a  German-silver  spring,  the  end  of  which  is  gold 
[ated  (to  insure  a  iion-oxidizing  contact)  and  tends  to  pull 

be  electrode  backwards  at  the  center.  This  spring  is  said 
>  Assist  in  daniping  the  vibrations.  A  comparatively  thick 
irbon  diaphragm,  wilh  a  coitting  of  shellac  on  the  outside  to 
ut  moisture,  forms  the  front  electrode.  What  carbon 
lanutncturers  term  No.  26  granular  carbon  is  used.  It 
I  thoroughly  sifted,  so  as  to   get  all   the   same  size,  and 

taked  before  assembling,  so  as  to  be  absolutely  dry. 

I  The  carbon  diaphraKms  used  in  this  and  similar  instru- 

pents  are  prepared  from  a  very  fine  grade  of  ground  carbon, 
lixed  with  a  suitable  binder,  and  molded  under  enormous 

iydraulic  pressure  to  the  required  form;  they  are  then 
.  on  edge  in  an  iron  box  filled  with  sand,  and  sub- 
tcted  to  a  suitable  baking  at  a  very  high  temperature, 
ieveral  carbon  manufacturers  are  now  able  to  produce  these 
[apbragms  of  a  uniform  thickness  of  not  over  toT)  inch.     It 

bss  been  found,  however,  that  diaphragms  slightly  thicker 

than  these  give  the  best  results,  the  usual  thickness  being 
I  j^  to  io  inch.  Much  depends  on  the  grade  of  car- 
JDO  aod  on  the  method  of  baking  these  parts,  as  the  elas- 
iHly  and  conductive  properties  of  the  carbon  are  greatly 
ffected  thereby. 

[  All  carbon-diaphragm  instruments  should  be  provided 
pith  some  means  of  protecting  the  diaphragm  against  break- 
:  caused  by  persons  tapping  against  it  with  the  finger  or 
ritfa  a  lead  pencil.  The  most  common  prolection  is  in  the 
;  gauze  or  a  mouthpiece  with  small  holes  through 
;  instead  of  one  large  hole,  opposite  the  diaphragm. 

I  20.     The    Stromberg-Carlson   Telephone   Manufacturing 

company's    transmitter   has   a    rathe-   heavy   metallic   dia- 

ftbragm,  the  outside  being  covered  with  a  rubber  cloth  that 

pakes   it   moisture-proof.     Both   Ihe   front   and   back  elec- 

s  flat  circular  pieces  of  gold-plated  gauze,  the  front 


18 


TELEPHONE  TRANSMITJERS 


electrode  being  riveted  to  the  diaphragm  and  the  back  elec- 
trode to  the  inside  or  bottom  of  a  metal  shell  or  cup,  the 
inside  wall  of  which  is  lined  by  a  felt  ring  which  contains 
hard  granular  carbon.  The  metal  cap  is  supported  in  the 
rear  b?  a  rigidly  fastened  bridge  piece  and  may  be  readily 
adjusted  at  any  desired  distance  from  the  front  electrode, 
the  play  in  the  felt  being  sufficient  to  keep  the  carbon  cham- 
ber closed.  The  makers  claim  that  it  can  thus  be  adjusted 
so  that  one  may  talk  at  quite  a  distance  from  the  mouth- 
piece, or,  for  noisy  places,  where  it  is  necessary  to  talk 
.very  close  to  the  mouthpiece.  The  diaphragm  is  held  in 
position  by  two  springs,  as  in  the  White  and  Kellogg  solid- 
back  transmitters.  


OTHER    FORMS    OF    TRAMSHITTBRS 

21.  The  Colvln  Transmitter. — In  order  to  avoid  the 
claims  of  the  Berliner  patent,  covering  all  forms  of  trans- 
mitters depending  for 
their  action  on  the 
variation  in  resist- 
ance between  two  or 
more  electrodes  in 
constant  contact, 
many  attempts  have 
been  made  to  pro- 
duce a  transmitter  in 
which  the  variations 
in  resistance  were 
brought  about  by 
some  other  means 
than  variations  in 
pressure  between 
the  electrodes.  The 
problem  has  been  at- 
tacked from  nearly  all 
conceivable  stand- 
points. A  transmitter,  resulting  apparently  from  one  of  these 
attempts,  was  produced  some  years  ago  by  Mr.  F.  R.  Colvin. 
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s  shown  in  Fig.  8.  in  which  /?  is  a  diaphragm  of  aluminum, 
Ktnounted  loosely  in  the  enclosing  case.     ^  is  a  cup  of  insu- 
lating material,  in  which  are  mounted  two  metallic  electrodes 
E  and   £*;    these  are   permanently  held  at  a  considerable 
distance  apart,  and  never  come  in  contact  with  each  other, 
■he  two  wires  forming  the  terminals  of  the  transmitter  con- 
beet  respectively  with  these  electrodes,  the  circuit  between 
lem  being  completed  by  the  granular  carbon  placed  within 
ihe  cell.     The  cell ,/  is  rigidly  fastened  to  the  center  of  the 
Staphragra  by  the  boh  B,  as  shown,  the  joint  between  the 
niaphragm  and  the  edge  of  the  cup  being  herinetically  sealed 
Jhy  the  introduction  of  some  plastic  material,  in  order  to  pre- 
■Venl  the  entrance  of  moisture.     In  this,  the  diaphragm  and 
jell  vibrate  as  one  unit,  there  being  no  flexible  connection 
Inhalever  between  them,  the  variations  in  resistance  being 
aused  by  the  variable  contacts  between  the  granules  in  the 
l^th  of  the  current  from  one  electrode  to  the  other.     This 
transmitter  was   capable  of   fairly  good  transmission,   but 
the  results  were  not  good  enough  to  warrant  its  adoption 
_in  practice. 

22.  Donble-diaphragni  transmitters  usually  consist 
E  two  parallel  diaphragms  to  each  of  which  is  fastened  one 
lund  electrode,  the  small  space  between  the  two  electrodes 
King  closed  by  a  ring  of  soft,  flexible,  insulating  material  and 
^rlly  filled  with  granular  carbon.  The  two  diaphragms 
generally  occupy  a  position  at  right  angles  to  the  diaphragm 
[  an  ordinary  transmitter  and  the  sound-receiving  cavities 
:  intended  to  be  so  shaped  that  the  sound  waves  will  be 
reflected  so  as  to  strike  at  right  angles  on  one  surface  only 
of  each  diaphragm. 

The  Fahnestock  Transmitter  Company  makes  a  successful 
Rouble-diaphragm  transmitter.     In  the  center  of  the  chamber 
outaining  tlie  transmitter  parts  is  a  fixed  metallic  block. 
po  the  center,  on  each  side  of  this  block,  is  a  circular  recess 
I  which  is  held,  by  an  insulating  ring,  a  disk  of  mica  to 
fhich  is  fastened  a  gold-plated  electrode.     A  similar  dec- 
ide U  fastened  to  the  center  of  each  dish-shaped  aluminum 
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diaphragm.  The  edge  of  the  diaphragm  is  a  trifle  smaller 
than  another  recess  in  the  fixed  block,  and  when  assembled 
this  small  space  is  filled  and  sealed  with  a  thick  solution  of 
rubber,  which  prevents  the  sound  waves  from  acting  on  the 
inner  surfaces  of  the  diaphragms.  By  means  of  insulating 
rings,  the  space  between  each  pair  of  electrodes  and  in  which 
the  granular  carbon  is  placed,  is  made  practically  air-tight. 
The  only  support  of  the  diaphragms  are  the  electrodes,  to 
which  each  is  fastened  at  the  center,  and  the  thick  rubber 
solution,  which  is  very  flexible,  around  its  edge.  The  two 
transmitter  cells  thus  formed  may  be  connected  in  series  or 
parallel.  The  sound  waves  are  reflected  against  the  out- 
side surfaces  of  both  diaphragms. 

23.  It  is  possible  to  improve  long-distance  transmission 
in  three  ways,  according  to  G.  W.  Wilder  in  "Sound  Waves.** 
The  transmitters  may  be  made  more  powerful,  the  receivers 
more  sensitive,  or  the  line  able  to  carry  the  voice  currents 
with  less  loss.  By  means  of  expensive  copper  lines,  in 
which  the  conductors  are  of  large  diameter,  well  transposed 
and  the  capacity  properly  neutralized  by  inductance,  as  in 
the  Pupin  loaded-coil  method,  the  transmitting  circuit  is 
made  as  good  as  is  possible,  at  present.  Furthermore,  most 
receivers  are  already  very  sensitive,  and,  as  a  result,  they 
pick  up  everything,  including  good  and  bad,  that  becomes 
troublesome  on  long  lines,  where  ground  currents  and  induc- 
tion disturbances  often  render  the  voice  currents  indistinct. 
Hence,  there  is  little  to  be  gained  by  making  the  receiver 
more  sensitive.  There  still  seems  to  he  room,  however,  for 
an  improvement  in  transmitters,  whereby  they  may  be  made 
to  consume  several  times  the  amount  of  energy  now  used. 

24.  Adams-Randall  Transmitter. — Mr.  C.  Adams- 
Randall  conceived  the  idea  that  a  transmitter  might  be  built 
that  would  represent  the  simultaneous  use  of  several  inde- 
pendent transmitters.  His  idea  involves  the  principles  of  a 
multiple-electrode  transmitter,  in  which  each  electrode  forms 
a  separate  and  complete  instrument  by  itself.  Instead  of 
using  large  carbon  rods  or  balls,  as  in  multiple-electrode 


TELEPHONE  TRANSMITTERS 


21 


Up 
■  sn 


l@ 


transniilters,  a  combination  of  the  solid  back  with  the  mul- 
tiple-electrode idea  was  employed.  Granular  carbon  is  placed 
ibeiween  one  diaphragm  and  several  electrodes,  which  are 
isolated  from  each  other;  each  transmitter  cell  so  formed  is 
supplied  with  current  from  a  separate  battery.  Each  battery 
is  connected  to  an  electrode,  and  thence  the  current  passes 
through  the  carbon  to  the  diaphragm  that  is  common  to  all, 
and  from  this  back  to  the  various  batteries  through  a  com- 
mon return  circuit. 

In  Fig.  9  is  shown 
a    cross-section    and 
plan  of  this  transmit- 
ter containing    eight 
electrodes.      Two 
pieces   of  hard   rub- 
ber   a,    b    form    the   I 
.  trovl  and  back  of  the 
bstniment.    and    be- 
tween tliem  is  placed 
llie  diaphragm  d  that 
Tests  on  a  felt  ring  e. 
||<Foiir  springs  hold  the 
iiaphragtn  in  place, 
me  of  them  r  being 
1  as  the  terminal   j 
r^Or  It  common  return   I 
circuit.     On  the  dia-   | 
phrngni  is  placed  an 
octagonal     piece     of 

felt  k,  which  contains  eight  holes  that  are  partly  filled  with 
carbon  granules,  over  which  are  placed  the  back  electrodes. 
The  electrodes  are  heavy  cylinders  of  metal  supported  by 
i  of  copper  w,  m.  o.  The  strips  bearing  the  electrodes 
I  fastened  lo  Ihe  hard-rubber  frame  of  the  instrument  by 
ifcws  r,  the  screws  /  being  used  to  adjust  the  pressure  of 
e  electrodes  on  the  carbon  granules.  When  setting  up  this 
insmitter,  each  electrode  is  adjusted  while  being  used  alone 
i  circuit.     Since  inequalities  in  the  resistance  of  the 
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various  transmitter  sections  or  cups  would  make  the  current, 
through  the  various  transmitter  sections  from  a  common 
source  differ  considerably  in  strengfth,  it  is  advisable  to  use  a 
separate  battery  for  each  transmitter  section,  or  at  least  one 
battery  for  each  two  sections  in  multiple.  The  circuit  from 
each  section  passes  through  the  primary  winding  of  an  induc- 
tion coil,  a  separate  coil  or  at  least  a  separate  winding  being 
provided  for  each  section  of  the  transmitter.  Each  battery 
may  consist  of  six  dry  cells;  although,  in  actual  practice,  the 
number  would  be  varied  to  give  the  best  results  under  the 
existing  conditions.  The  quantity  and  quality  of  the  granu- 
lar carbon  used  in  each  section  usually  determines  the  battery 
power  required  for  successful  operation.  The  secondaries 
of  the  various  induction  coils  are  connected  in  parallel.  It 
has  been  found  better  to  use  a  separate  coil  for  each  battery 
circuit  than  one  coil  common  for  all.  When  a  separate  coil 
is  used,  the  peculiarities  occurring  in  the  fluctuations  of  the 
primary  current  are  faithfully  reproduced  in  the  line  circuit. 
If  a  common  coil  is  used,  many  of  the  fluctuations  occurring 
in  the  various  transmitter  cells  become  more  or  less  neutral- 
ized in  the  one  primary  coil,  and  hence  do  not  reappear  in  the 
secondary.  With  one  coil  common  to  all  the  primary  circuits, 
the  intensity  of  the  sound  is  considerably  weakened. 

It  is  said  that  both  intensity  and  good  quality  are  obtained 
and  that  this  transmitter  has  given  satisfactory  results  over 
lines  of  the  Illinois  Central  Railroad  from  Chicago  to  New 
Orleans,  a  distance  of  933  miles,  consisting  of  a  complete  metal- 
lic circuit  of  copper  wire  weighing  about  173  pounds  per  mile. 
According  to  reports  made  in  September,  1905,  the  trans- 
mitters may  have  four,  eight,  or  sixteen  sections  on  one  iron 
diaphragm,  which  is  supported  freely  around  the  edge  and 
not  clamped  to  its  support.  For  a  four-section  transmitter, 
the  diaphragm  is  4  inches  in  diameter  and  A  inch  thick. 
The  diaphragm  of  a  twelve-section  transmitter  is  5i  inches 
in  diameter  and  A  inch  thick.  Carbon  is  used  as  a  variable 
resistance,  but  it  is  confined  in  a  fabric  cup  and  under  pres- 
sure, instead  of  the  loose  gravity  contact  of  the  ordinary 
transmitter.     Any  one  section  is  said  to  be  equal  to  one 
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HtUnary  transmitler,  (our  sections  of  the  later  type  proving 
B  good  as  sixteen  of  the  original  form  of  this  transmitter. 
te  tests  made  are  said  to  have  been  very  successful,  the 
Qnsmission  being  sufficiently  powerful  for  1,000  miles  and 
]  powerful  on  shorter  circuits  {143  miles)  that  a  receiver 
Stinted  and  with  its  diaphragm  J  inch  from  its  pole  pieces 
;])roduced  the  speech  plainly,  while  the  induction  from  50 
ei^hbcjring  telegraph  wires  in  operation  prevented  the  use  of 
B  ordinary  telephone  transmitter  and  receiver.  About  six- 
sen  dry  cells  in  series-parallel  were  used  for  each  transmitter. 

25.  Brcaet-PIate  Transmitters. — A  transmitter 
ecured  to  a  plate  that  can  be  strapped  to  the  operator's 
lest,  so  as  to  keep  the  transmitter  before  her  mouth  as  she 
ttends  to  her  work,  is  called  a 
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st-i>latc 

as  long  been  used  in 
lurope  and  is  now  being  cun- 
idcrably  used  in  the  United 
tates.  It  is  more  conve- 
icnt  than  a  transmitter  hung 
jf  cords  from  the  top  of  a 
nitchboard,  and  moreover  it 
Dables  each  operator  to  have 

own  transmitter,  which 
be  can  put  away  in  her  lockei 
krtie  with  her  receiver  when 
be  leaves  for  the  day.  The 
isertion  of  one  plug  ; 
liring  jack  connects  both  her 
"ansmitter  and  receiver  to 
Br   position  at   the    switch- 

Dard.  The  removal  of  the  plug  also  acts  as  a  switch  to 
pen  the  circuit  between  the  transmitter  and  battery.  The 
Iricsson  breast-plate  transmitter  and  head  receiver,  as  used 
y  a  switchboard  openilor,  is  shown  in  Fig.  10. 
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i  for  Cominon-Biittery  and  I-oeal- 
8. — The  essential  difference  between 
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transmitters  used  in  common-battery  and  local-battery  tele- 
phone systems  is  in  their  resistance.  In  local-battery  instru- 
ments the  normal  resistance  may  be  about  15  ohms,  while  in 
common-battery  instruments  it  is  much  higher.  With  the 
advent  of  central-energy  systems,  telephone  designers  appar-. 
ently  returned  to  primitive  methods  because  in  the  first 
central-energy  systems  they  connected  the  transmitter  and 
receiver  in  series  in  the  line  circuit.  However,  they  knew 
more  about  telephone  apparatus,  and  so  designed  the  trans- 
mitter and  receivers  to  suit  the  new  'conditions.  They 
used  complete  metallic  circuits  of  copper  wire,  low-wound 
receivers  (from  4  to  20  ohms  in  resistance),  and  high- 
resistance  transmitters,  from  about  20  to  50  ohms.  Thus, 
the  variable  transmitter  resistance  was  quite  an  appreciable 
part  of  the  total  resistance  of  the  line  circuit.  The  higher 
the  resistance  of  the  line  circuit  and  the  higher  the  electro- 
motive force  of  the  central  battery,  the  higher  should  be  the 
variable  resistance  of  the  transmitter.  Ordinarily,  solid- 
back  transmitters  have  an  average  resistance  of  from  35  to 
90  ohms  for  24-volt  central-energy  systems.  However,  the 
Kellogg  transmitters  now  used  in  Buffalo  on  •a  24-volt 
system,  but  with  lines  averaging  rather  longer  than  usual, 
are  said  to  have  a  resistance  of  about  200  to  300  ohms.  The 
transmitter  made  by  the  Eureka  Electric  Company  for  use 
on  common-battery  systems  is  said  to  have  an  average 
resistance  of  80  ohms. 

27.  Transmitters  may  be  designed  to  have  most  any 
resistance  and  current-carrying  capacity  by  suitably  varying 
the  cross-section  of  the  carbon  electrodes,  the  distance 
between  the  electrodes,  and  the  amount  and  resistivity  of 
the  carbon  granules  between  the  two  electrodes. 

The  variation  in  resistance,  which  depends  on  the  pitch 
and  loudness,  of  local-battery  transmitters  is  from  about 
5  to  30  ohms,  while  common-battery  instruments  may  vary 
from  40  to  300  or  more  ohms. 

Local-battery  transmitters  require  about  3  volts  and  the  cur- 
rent varies  from  about  .33  to  .1,  or  a  change  of  .23  ampere. 
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FTbe  resistance  of  a  common-battery  transmitter  mast  be 
■lar^e  and  its  change  in  resistance  must  also  be  great. 
Ion  account  ot  the  large  resistance  of  the  line  circuit  in  which 
Til  may  be  connected.  If  a  transmitter  in  a  line  circuit  whose 
fttotal  reiiistance  is  l-'30  ohms,  varies  from  40  to  300  ohms, 
I  tbe  resistance  of  the  circuit  varies  from  { 150  +  40  = )  190  to 
J  (150  +  300  =  )450  ohms;  and  with  an  electromotive  force  of 
■30  volts,  the  current  varies  from  .158  to  .067  ampere,  or  a 
Kchange  of  .091  ampere.  This  is  a  much  greater  change  than 
iwil)  be  obtained  by  connecting  an  ordinary  local-battery 
,  transmitter  in  the  same  line  circuit.  It  is  the  diflference 
between  the  maximum  and  minimum  values  of  the  current 
that  determines    the    loudness    of    sound   produced    at   the 

IiVcciver.  Where  induction  coils  are  used,  it  is  the  difference 
bfctween  the  maximum  and  minimum  ampere-turns  that 
determines  the  loudness  of  transmission.  Local-battery 
transmitters  can  usually  be  refilled  with  the  proper  size  of 
Kraniilated  carbon  so  as  to  work  on  common-battery  lines, 
provided  that  the  electrodes  are  of  the  proper  size  and  dis- 
tance apartr  in  any  case,  the  filling  must  be  determined 
experimetitally. 

Sufficiently  satisfactory  results  could  undoubtedly  be 
obtained  with  the  transmitter  and  receiver  in  series,  if  both 
were  suitably  designed,  but  the  use  of  induction  and 
impedance  coils  and  condensers  in  connection  with  the 
sabscriber's  telephone  instruments  seems  to  give  even 
letter  results  and  is  replacing  the  more  simple  arrangement. 
powever,  the  simple  arrangement,  consisting  of  a  good 
traDsmitler  and  a. 60-  to  an  80-ohm  receiver  in  series  across  a 
metallic-copper-line  circuit,  has  given  almost  perfect  satis- 
,  for  local-eicchange  work  in  a  number  of  systems, 
bcluding  at  least  one  of  about  3.000  subscribers  that  was  in 
leration  in  1905.  
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in  each  case  consists  in  the  g^ranules  settling  into  a  compact 
mass,  so  as  not  to  be  sensitive  to  changes  in  resistance. 
Probably  the  most  common  cause  of  packing  is  the  using  of 
carbon  granules  of  different  sizes,  so  that  they  gradually 
settle  into  a  compact  mass,  the  large  ones  rising  to  the  top 
and  the  small  ones  settling  to  the  bottom  and  filling  in  all  the 
interstices  between  the  large  ones.  In  other  cases,  packing 
is  caused  by  moisture  entering  the  carbon  chamber,  either 
from  the  breath  or  from  dampness  in  the  atmosphere.  Still 
another  cause  is  the  wedging  of  several  granules  between 
the  electrodes  in  such  a  manner  as  to  hold  them  farther  apart 
than  when  in  their  normal  position  and  prevent  all  vibra- 
tions o-f  the  diaphragm.  In  most  cases,  a  thorough  agitation 
of  the  granules  will  remove  the  defect,  temporarily  at  least. 
If,  however,  it  is  due  to  moisture,  the  transmitter  should  be 
refilled  and,  if  possible,  means  provided  for  preventing  the 
entrance  of  moisture  again. 

In  the  best  makes  of  transmitters,  particular  attention  is 
paid  to  obtaining  granules  of  uniform  size;  this  is  usually 
accomplished  by  sifting  them  through  screens  having  a 
certain  number  of  meshes  to  the  inch.  Thus,  in  the  solid- 
back  transmitter,  only  those  granules  are  used  which  will 
pass  through  a  screen  having  fifty  meshes  to  the  inch, 
but  will  be  retained  by  a  screen  having  fifty-five  meshes 
to  the  inch. 

As  an  illustration  of  how  packing  may  be  caused  by  the 
wedging  action  of  the  granules  between  the  electrodes, 
almost  any  granular-carbon  transmitter  may  be  packed  by 
placing  the  mouth  firmly  against  the  mouthpiece  and  suck- 
ing in  the  breath.  This  draws  the  electrodes  apart  and 
allows  the  granules  to  settle  lower  in  the  chamber.  When 
the  pressure  is  removed,  the  electrodes  tend  to  assume  their 
normal  position,  but  cannot  do  so  on  account  of  being  held 
apart  by  the  granules.  As  a  result,  a  considerable  pressure 
is  exerted  on  them  and  the  conditions  of  loose  contact 
destroyed.  After  such  treatment,  a  transmitter  will  usually 
be  found  to  be  perfectly  '*dead,*'  and  its  efficiency  can  only 
be  restored  by  reagitating  the  granules. 
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29.  Prevention  of  Packing,— When  granular-carbon 
transmitters  were  first  introduced,  the  trouble  due  to  packing 
pas  so  serious  as  to  call  forth  much  attention  on  the  part  of 
D%'entors  to  produce  means  for  its  prevention.  Most  of 
hese  consisted  in  some  means  of  mechanically  agitating  the 
fannies  at  frequent  intervals.  In  some,  a  spring  was 
irranged  within  the  carbon  chamber  of  the  transmitter  with 
I  trigger  projecting  outside  of  the  casing,  by  means  of  which 
he  spring  might  be  made  to  vibrate  among  the  granules, 
hns  et?ectualiy  stirring  them  up. 

A  later  device  that  was  used  to  a  limited  extent  consisted 
a  so  mounting  tlie  transmitter  that  the  mouthpiece  could 
K  used  as  a  handle  to  rotate  the  case  containing  all  the 
forking  parts  of  the  transmitter.  Contact  springs  were 
rranged  to  preserve  contact  between  the  wires  leading  to 
he  transmitter  and  the  two  electrodes  in  the  transmitter  cell. 
&n  occasional  turn  on  the  mouthpiece  would  bring  about 
8n  entire  rearrangement  of  all  the  granules  within  the  cham- 
ber, thus  effectively  relieving  any  packing.  This  arrange- 
ment, while  answering  the  purpose  for  which  it  was  designed, 
inirocluced  two  sliding  contacts  in  the  primary  circuit  of  the 
iransmitter — a  very  objectionable  feature,  because  the  corro- 
1  of  the  metal  surfaces  between  which  the  contact  takes 
place,  or  the  collection  of  dust  between  the  contacts,  will 
often  cause  a  break  in  the  circuit  or  a  point  of  high  resistance, 
thus  rendering  the  transmitter  practically  inoperative, 

lis  idea  of  rotating  the  transmitter  was  further  developed 
hy  a  number  of  inventors,  who  arranged  mechanism  for 
lomplishing  the  rotation  automatically,  the  usual  plan 
ing  lo  nse  a  pawl,  carried  on  the  lever  of  the  switch  hook, 
frbich,  in  its  operation  up  and  down,  would  engage  the  teeth 
jof  A  ratchet  wheel  carried  on  the  transmitter  itself.  Every 
[thne  the  telephone  was  used,  the  hanging  up  of  the  receiver 
Routd  cause  a  partial  rotation  of  the  transmitter,  thus  always 
maintaining  the  granules  in  state  of  loose  contact.  These 
Ifevicc.i,  however,  have  gradually  dropped  out  of  use.  as  the 
bier  and  best  forms  of  transmitters  are  comparatively  free 
torn  the  trouble  of  packing.    The  benefits  to  be  derived 
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from  such  mechanisms  are  not,  therefore,  sufficient  to  offset 
the  undesirable  complexity  and  the  disadvantages  of  having 
one  or  more  movable  contacts  introduced  into  the  circuit. 

The  use  of  carbon  granules  of  uniform  size  has  probabl> 
been  the  greatest  factor  in  improvement  in  the  operation  of 
transmitters,  with  regard  to  a  reduction  of  the  packing. 
Apparently,  the  form  of  a  carbon  chamber  also  has  con- 
siderable effect  on  the  liability  of  the  instrument  to  pack.  In 
the  White  transmitter,  the  space  around  the  periphery  of  the 
two  electrodes  was  left  for  the  purpose  of  allowing  room  for 
expansion  of  the  particles  between  the  electrodes,  which  are 
directly  in  the  path  of  the  current,  and  therefore  subject  to  a 
greater  amount  of  heating  than  those  around  the  periphery. 


TRANSMITTER    TROUBLES    AND    THEIR    REMEDIES 

30.  There  is  probably  no  granular-carbon  transmitter  that 
will  not  pack  under  certain  conditions;  but  this  packing  can 
usually  be  remedied  by  giving  the  instrument  a  sharp  blow 
from  beneath  with  the  soft  portion  of  the  hand  in  such  a 
manner  as  to  disengage  any  particles  which  have  become 
wedged.  It  can  also  be  remedied  by  turning  the  instrument 
upside  down.  If  packing  occurs  frequently,  the  granular 
carbon  should  be  changed;  and  if  this  does  not  remedy  the 
trouble,  return  the  transmitter  to  the  maker  as  defective. 
Subscribers  should  never  be  encouraged  to  tap  a  transmitter, 
as  is  frequently  done  by  operators  and  inspectors,  for  this 
practice  is  very  likely  to  soon  spoil  the  adjustment.  A  fre- 
quent trouble  with  transmitters  is  a  frying  noise,  which  is 
usually  caused  by  too  strong  a  current  or  by  loose  connection. 

Other  faults  are  loose  contacts,  bad  joints,  and  damaged 
diaphragms.  Loose  contacts  and  bad  joints  have  to  be 
cleaned  and  tightened,  or  soldered,  as  the  case  may  be. 
Damaged  diaphragms  must  always  be  replaced  by  good  ones. 

An  inexperienced  person  should  not  attempt  to  readjust  a 
solid-back  transmitter,  nor  is  it  best  to  take  it  to  pieces  unless 
thoroughly  acquainted  with  its  construction,  to  know  which, 
it  is  well  to  practice  on  a  defective  instrument.     Defective 
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3 1 .  The  design  of  transmitters  has  been  very  well  treated 
by  W.  A.  Taylor  in  the  Electrical  Review,  from  which  the 
(ollowing  is  abstracted:  The  space  between  the  diaphragm 
and  the  front  case  of  a  transmitter  need  not  exceed  A  inch; 
if  loo  large  it  is  apt  to  cause  disagreeable  echoes.  Too 
large  a  mouthpiece  will  also  tend  lo  cause  disagreeable 
echoes.  A  perforated  guard,  while  perhaps  not  very  good 
from  the  standpoint  of  efficiency,  is  nevertheless  almost  a 
necessity  to  protect  the  diaphragm. 

33.  Material  for  Dlnplirapms. — The  diaphragm 
should  be  very  resilient  and  should  give  continuous  service 
under  all  conditions  with  no  appreciable  deterioration.  It 
should  be  made  of  such  dimensions  that  it  can  vibrate  very 
rapidly  and  yet  be  properly  damped  so  that  it  will  stop 
almost  instantly  when  impulses  cease,  otherwise  it  will  not 
.articulate  plainly,  but  will  have  a  muffled  sound.  Nothing 
is  gained  by  having  too  large  an  amplitude  of  vibration  and 
there  is  no  decrease  in  loudness  when  the  diaphragm  is  very 
heavily  damped,  provided  that  the  amplitude  is  not  less  than 
lequired.  The  material  for  the  diaphragm  should  be  springy 
and  also  light,  to  give  the  best  results,  and  it  should  not  be 
loaded  with  the  heavy  parts  of  the  transmitter,  for  the 
inertia  tends  to  make  it  sluggish.  Carbon  diaphragms  have 
given  good  results,  but  they  have  the  disadvantage  of  being 
broken  easily  and  of  absorbing  moisture.  Wood  has  also 
been  used,  but  it  is  almost  impossible  to  get  two  such  dia- 
phragms exactly  alike.  Iron,  steel,  and  brass  have  been  used 
Tcry  extensively  and  successfully,  but  the  ideal  substance 
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now  seems  to  be  hard-rolled  aluminum.    This  is  an  extremely 
light  metal  and  has,  therefore,  little  inertia. 

33.  Size  of  Diaphragrms. — The  thickness  and  diameter 
of  the  diaphragm  are  determined  entirely  by  experiment. 
Generally,  one  can  say  it  should  be  as  thick  and  as  small  in 
diameter  as  is  consistent  with  sufficient  vibration.  There  is 
no  hard  and  fast  rule  to  apply,  as  it  will  vary  with  any 
change  in  the  other  details  of  the  instrument.  With  a 
decrease  in  diameter,  it  must  of  course  be  made  thinner. 
If  it  is  made  too  thin,  it  can  easily  be  bent  out  of  shape.  If 
it  has  too  great  a  diameter,  it  may  cause  the  current  to  break 
entirely,  which  would  cause  it  to  cease  and  make  the  voice 
sound  hollow.  If  Bell  practice  is  to  be  followed,  the  dia- 
phragm should  be  made  of  hard-rolled  aluminum  2}  inches 
in  diameter  and  No.  24  B.  &  S.  gauge.  This  size,  or  close 
to  it,  has  been  adopted  by  most  of  the  leading  telephone 
manufacturers  of  this  country. 

34.  Damping  springs  not  only  limit  the  amplitude  of 
vibration,  but  also  eliminate,  to  a  considerable  extent,  the 
side  tones  due  to  noises  in  the  room;  they  also  prevent  the 
diaphragm  from  breaking  into  subdivisions  that  produce 
even  tones  and  tend  to  spoil  the  quality  of  transmission. 
They  also  prevent,  or  at  least  reduce,  packing.  Rubber 
around  the  edge  acts  not  only  as  an  insulator  but  also  as  a 
damper,  and  gives  a  continuous  bearing  around  the  edge. 
It  is  of  importance  that  the  very  best  grade  of  rubber  be 
used  for  this  purpose,  because  if  the  rubber  gets  hard  the 
good  effect  is  immediately  lost. 

35.  Current  Required. — The  resistance  of  a  trans- 
mitter in  a  local-battery  instrument  should  be  made  high 
because  just  as  small  a  current  as  possible  should  be  used, 
in  order  that  the  battery  may  last  a  long  time.  A  battery 
giving  5  ampere  to  the  transmitter  will  last  three  times  as 
long  as  one  that  furnishes  5  ampere.  Besides  the  cost  of  the 
battery,  there  is  the  expense  of  two  extra  inspections  where 
the  larger  current  is  used.  In  an  exchange  of  200  or  more  sub- 
scribers, this  item  would  mean  a  great  deal.     A  transmitter 
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that  will  do  first-class  service  on  local-exchange  work  should 
not  take  more  than  .2  ampere,  and  for  long-distance  work  it 
will  do  the  best  service  with  a  consumption  of  from  .30  to  .35 
ampere.  These  figures  are  only  for  local-battery  instruments. 
Such  a  transmitter  need  not  have  the  electrodes  larger  in 
diameter  than  I  inch,  with  a  separation  of  iV  inch,  and  gran- 
ular carbon  of  the  polished  coal  grain  variety  of  a  size. to  pass 
through  a  screen  30  meshes  per  inch  and  too  large  to  pass  a 
35-mesh  screen.  

ELECTRODES 

36.  It  is  generally  conceded  that  the  greater  variation  in 
resistance  takes  place  between  the  granular  carbon  and  the 
vibrating  electrode,  and  the  contact  between  the  granules 
themselves  does  not  vary  so  greatly  except  in  the  near 
proximity  of  the  vibrating  electrode.  For  this  reason,  the 
two  electrodes  are  placed  as  close  together  as  possible,  with- 
out danger  of  packing  or  wedging  of  the  particles  between 
them.  The  space  between  the  electrodes  in  most  forms  of 
transmitters  varies  from  iV  to  -ns  inch. 

The  diameter  of  the  electrode  varies  in  different  makes 
from  nearly  the  full  size  of  the  diaphragm,  when  the  dia- 
phragm is  carbon,  down  to  -^  inch. 

It  is  not,  at  present,  considered  good  practice  to  have  very 
large  electrodes  as  the  resistance  of  the  transmitter  becomes 
too  low,  making  it  consume  too  much  current,  and  also  pre- 
senting diflBculties  due  to  the  packing  of  the  great  quantity 
of  granular  carbon  required.  It  is  not  to  be  understood  that 
such  a  transmitter  will  not  talk  loudly  and  as  well  as  the 
best,  but  it  is  a  matter  of  extravagance  to  use  i  ampere  when 
a  transmitter  that  can  talk  just  as  well  may  be  made,  con- 
suming not  more  than  b  ampere. 

When  the  electrode  is  made  of  carbon,  it  should  be  plain, 
very  highly  polished,  homogeneous,  hard,  and  of  good  con- 
ductivity. When  they  are  of  the  softer  grade,  there  is  a 
greater  danger  of  burning  from  the  current.  This  burning 
manifests  itself  by  a  sizzling  sound,  which  is  very  disagree- 
able and  interferes  with  the  action  of  the  instrument.    When 
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the  carbon  is  hard,  it  resists  the  burning  eflEect  and  especially 
so  when  the  surface  is  polished.  Polishing  is  very  important, 
as  it  improves  the  articulation  and  increases  the  current- 
carrying  capacity,  allowing  it  to  carry  from  two  to  three 
times  the  normal  current  without  the  disagreeable  frying 
and  sizzling  noise  so  often  noticed  with  excessive  voltage. 
This  frying  noise  seems  to  be  the  result  of  arcs  created 
either  between  the  particles  of  the  granular  carbon  or 
between  the  electrodes  and  the  granular  carbon. 

37.  Polishingr  Carbon  Electrodes. — The  carbon  elec- 
trodes may  be  given  a  very  high  polish  in  the  following 
manner:  The  first  requisite  is  to  have  the  carbon  perfectly 
clean,  both  internally  and  externally.  If  it  has  been  plated 
on  the  back  and  soldered  to  a  support,  it  should  be  cleaned 
so  as  to  remove  all  the  chemical  from  the  plating  bath  and 
the  acid  used  in  soldering.  This  may  be  done  by  boiling 
thoroughly  in  water  for  several  hours.  If  the  carbon  has 
been  soldered  with  paste  or  handled  by  the  fingers,  it  should 
be  soaked  for  12  hours  in  gasoline  or  benzine  to  dissolve 
out  all  the  grease,  and  after  coming  out  of  this  bath  it  should 
be  thoroughly  dried.  After  this  cleaning,  the  carbon  should 
not  be  touched  on  the  face  by  the  fingers  or  anything  else 
that  is  apt  to  leave  a  film  of  grease  on  it. 

The  carbon  disk  should  be  accurately  scraped  off  so  that 
there  will  be  no  scratches  on  it  whatever.  If  there  is  the 
slightest  scratch  or  inequality,  it  will  show  up  immediately 
when  it  touches  the  polishing  wheel.  One  way  to  face  off 
the  disk  is  by  means  of  a  diamond  or  sapphire  tool  after 
placing  the  carbon  in  the  chuck  of  a  small  and  very  accurate 
lathe.  Constant  care  must  be  taken  to  keep  the  tools  in 
good  repair,  as  they  soon  get  dull.  The  hardest  tool  steel 
ever  made  will  not  last  long  enough  to  face  one  electrode, 
as  the  edge  is  ground  off  immediately.  On  account  of  the 
difficulty  of  keeping  the  tools  in  repair,  the  following  method 
will  prove  cheaper  and  works  very  well:  Mount  a  piece  of 
slate  slab  on  a  face  plate  and  face  off  the  electrode  on  this 
wheel.     A  constant  flow  of  water  must  be  supplied  or  the 
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face  of  the  wheel  will  soon  fill  up  and  glaze.  The  electrode 
shoald  he  kept  moving  around  the  wheel,  working  all  over 
the  surface  from  Ihe  center  out  and  then  back  again,  moving 
the  carbon  in  circles  in  order  to  wear  all  parts  of  the  surface 
of  the  alate  equally  aud  so  that  the  carbon  does  not  become 
streaked.  The  alate  sooner  or  later  will  become  worn  in 
grooves,  and  also  get  too  smooth,  so  that  every  hour  or  so 
it  should  be  dressed  by  applying  another  flat  slate  against  its 
face  and  grinding  it  down.  After  having  faced  off  the 
carbon,  it  is  thoroughly  dried  and  then  applied  to  the 
polishing  wheel. 

The  polishing  is  done  by  holding  the  electrode  flat  against 
a  revolving  carbon  plate,  and  in  a  few  seconds,  if  the  elec- 
trode has  been  properly  faced,  it  will  show  a  polish  equal  to 
glass.  The  electrode  should  be  kept  moving  in  polishing  in 
the  same  manner  as  when  facing  oft.  Care  must  be  taken 
in  both  cases  to  hold  it  properly  flat  all  the  time.  It  is 
always  better  to  trim  the  edges  smooth  and  square  before 
polishing  the  face,  as  it  makes  a  much  better  mechanical 
finish.  The  electrode  is  placed  in  the  chuck  of  a  lathe  and 
trimmed  off  with  a  diamond  or  sapphire  tool,  or  a  piece  of 
fine  emery  cloth  fastened  to  a  stick  will  do,  but  not  so  well, 
as  any  solder  is  apt  lo  fill  up  the  cloth  so  that  it  will  not 
take  hold.  There  is  also  danger  of  chipping  the  edges  with 
the  cloth. 

38.  size  and  Distance  Between  Electrodes. — Sepa- 
rating Ihe  electrodes  will  give  an  increased  resistance  to  the 
transmitter,  but  that  is  not  advisable  after  an  efficient  sepa- 
ration is  decided  on,  as  the  variation  of  resistance  is  reduced, 
because  the  particles  of  carbon  midway  between  the  electrodes 
would  be  very  little  affected  by  the  vibration  of  the  dia- 
phragm. Generally  spe.iking,  it  is  well  to  have  the  electrodes 
as  close  together  as  possible  without  causing  the  granular 
carbon  to  wedge  between  them.  The  distance  apart  should 
be  sufficient,  so  that  three  granules  in  series  will  jusl  reach 
from  one  electrode  to  the  other.  This  will  not  permit  the 
granules  to  wedge.     The  effect  of  wedging  of  the  granules  is 
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similar  to  that  of  packing,  but  worse,  as  the  transmitter  is 
completely  short-circuited.  Sometimes,  a  transmitter  acting 
this  way  will  have  to  be  taken  apart  completely  and  the 
offending  granules  removed.  It  is  usually  caused  by  an 
extra  large  piece,  which  is  long  but  narrow  enough  to  pass 
the  screen.  As  long  as  this  piece  does  not  extend  its  length, 
from  one  electrode  to  the  other,  there  is  no  trouble. 

By  reducing  the  size  of  the  electrodes,  the  resistance  may 
be  increased  also,  and  this  method,  together  with  the  reduc- 
tion of  the  size  of  the  granules,  is  the  proper  way  of  making 
any  necessary  increase  in  the  resistance.  In  decreasing  the 
size  of  the  electrodes,  care  must  be  taken  not  to  make  them 
so  small  that  they  will  not  have  sufficient  capacity  to  carry 
the  necessary  current  for  efficiently  operating  the  trans- 
mitter. In  such  a  case,  there  would  be  trouble  due  to 
frying.  Probably  the  smallest  size  for  this  purpose,  which 
has  proved  satisfactory,  is  about  tV  inch. 


GRANULAR    CARBON 

39.  The  size  of  the  granular  carbon  used  depends  largely 
on  the  design  of  the  transmitter.  If  the  carbon  electrodes 
are  large  or  close  together,  the  granular  carbon  may  be 
larger  than  when  the  electrodes  are  small  and  far  apart. 
Where  the  transmitter  is  to  be  used  for  central-energy  sys- 
tems, its  resistance  must  be  greater  and  therefore  the  granu- 
lar carbon  must  be  graded  accordingly.  With  a  given  grade 
of  granular  carbon  and  with  a  given  size  of  the  transmitter 
parts,  the  finer  the  granular  carbon  the  higher  will  be  the 
resistance.  A  transmitter  having  No.  30  carbon  (thirty 
meshes  to  1  inch)  and  normally  a  resistance  of  20  ohms, 
will  have  a  normal  resistance  of  about  from  60  to  70  ohms 
when  a  carbon  between  50  and  60  gauge  is  used.  It  is  not 
exactly  proportionate,  probably  because  the  lighter  weight 
of  the  smaller  particles  will  not  cause  so  great  a  pressure  at 
the  points  of  contact. 

The  quantity  of  granular  carbon  that  should  be  placed  in 
the  transmitter  depends  of  course  on  the  type  of  instrument. 
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Where  the  chamber  for  holding  the  carbon  is  very  large,  as 
in  those  with  carbon  diaphraEms,  where  nearly  the  whole 
of  the  diaphragm  acts  as  an  electrode,  (he  weight  of  car- 
bon would  be  loo  great  if  filled  anywhere  near  full  and  there 
would  be  great  trouble  from  packing.  The  transmitter 
would  then  give  very  indifferent  service.  In  this  class  of 
instrument,  the  granular  carbon  is  filled  up  to  a  point  about 
half  covering  the  electrode,  where  it  gives  best  satisfaction. 
In  the  small  button  transmitters,  the  usual  custom  is  to  fill 
from  three-fourths  to  five-sixths  full.  A  Utile  space  must 
always  be  left  to  insure  absolute  looseness  of  the  particles. 

40.  Quality  of  Granular  Carbon. — An  important  step 
Ihc  design  of  a  transmitter  is  to  choose  the  granular  car- 
t>on.  Several  kinds  have  been  used  with  varying  degrees  of 
success.  A  number  of  European  manufacturers  have  shown 
a  preference  to  fcloliiilar  cartion,  which  is  in  the  shape  of 
small  round  balls.  It  is  soft  and  disintegrates  easily;  it  does 
not  act  efficiently,  is  apt  to  sizzle  and  fry  with  a  very  small 
current,  and  gives  very  poor  results  compared  with  any  other 
kind.  A  better  variety  is  made  from  granulated  coke  care- 
fully screened  to  a  uniform  size.  This  variety  gives  good 
results,  but  is  also  soft  and  is  apt  to  have  the  same  faults  as 
the  globular  carbon,  only  in  a  lesser  degree.  The  action  of 
the  transmitter  seems  to  powder  a  portion,  and  this  powder 
gives  rise  to  burning  or  frying. 

The  best  grade  is  the  bright,  shiny,  sharp-cornered  granu- 
lar carbon.  The  particles  of  this  carbon  are  very  hard  and 
should  have  a  deep,  glossy,  black  hue.     All  particles  should 

»be  uniform  in  size  and  of  as  low  a  resistance  as  possible. 
There  is  nothing  to  be  gained  in  using  carbon  the  material 
of  which  possesses  a  high  resistance;  the  resistance  should 
be  in  the  points  of  contact,  as  that  is  the  only  resistance  that 
is  variable.     To  increase  the  resistance,  an  entirely  different 

I  method  should  be  used. 
41.     Manufacture   of    Granular   Carbon. — The   best 
Bradc  of  granular  carbon  is  made  from  very  hard  and  pure 
Hnthracite.     Cross  Creek  Lehigh  coal  is  eminently  fitted  for 
L , 
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this,  as  it  is  very  hard  and  nearly  pure  carbon,  having:  an 
extremely  small  percentage  of  ash  and  volatile  matter  in  its 
composition.  The  coal  should  not  be  taken  from  the  heap  at 
random,  but  only  the  clean,  shiny,  crystalline  pieces  should  be 
chosen,  those  showing  no  stratification  or  parts  having  the 
dull  appearance  of  slate.  The  pieces  containing  dirt  and 
other  impurities  should  be  rejected,  as  they  will  be  soft  after 
treatment.  The  good  pieces  should  be  broken  up  to  about 
the  size  of  a  walnut  and  carefully  inspected  again  for  the 
presence  of  impure-looking  particles. 

After  picking  over,  place  into  a  graphite  crucible  and 
cement  the  cover  on  with  fireclay.  The  crucible  should  then 
be  placed  in  a  furnace  and  heated  to  almost  a  white  heat  for 
12  hours,  and  then  should  be  allowed  to  cool  before  opening. 
During  this  process,  all  the  volatile  matter  in  the  coal  is 
driven  off  and  all  the  other  substances  are  thoroughly 
carbonized.  The  chief  difficulty  in  the  process  is  to  know 
when  the  coal  is  sufficiently  carbonized,  for  if  the  coal  still 
contains  uncarbonized  matter,  its  electrical  resistance  will  be 
abnormally  high.  Care  must  also  be  taken  to  guard  against 
the  admission  of  air  while  the  coal  is  heated. 

After  the  coal  has  been  thoroughly  carbonized,  it  is 
removed  from  the  crucible,  crushed  and  screened  to  the 
proper  size.  The  screening  process  must  be  carefully  done  or 
the  granules  will  not  be  of  uniform  size.  A  large  amount 
of  waste  is  always  left,  which  is  of  no  use.  This  waste 
includes  all  sizes  that  pass  through  a  screen  of  sixty  meshes 
per  inch  and  consists  mostly  of  dust.  The  granular  carbon 
will  have  a  dense,  jetty  black  shade,  the  particles  of  which 
will  be  very  brilliant  in  luster  and  intensely  hard;  in  fact, 
hard  enough  to  scratch  glass.  The  electrical  resistance  will 
not  be  high,  and,  on  account  of  its  hardness  and  polished 
surface,  will  stand  very  heavy  currents  without  burning. 
Such  carbon  will  have  a  long  life  with  very  severe  usage. 

42.  The  adjustment  of  a  transmitter  is  distinctly  a 
mechanical  feature,  but  of  great  importance  in  the  working 
of  the  instrument,  as  it  affects  the  uniformity  of  the  action. 
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All  the  transmitters  should  be  made  so  that  in  any  number 
there  will  be  no  variation  in  the  different  dimensions. 
Especially  is  it  necessary  that  the  diaphragms  shall  be  of 
uniform  grange  and  resilience.  The  damping  springs  should 
all  be  alike,  pressing  as  nearly  as  possible  with  the  same 
tension  and  in  the  same  position  in  each  case.  Provision 
should  be  made  to  hold  the  electrodes  a  certain  definite  and 
known  distance  apart.  Toward  this  end  all  parts  should  be 
made  exactly  alike  and  hence  absolutely  interchangeable. 
This,  of  course,  means  expensive  tools  made  especially  for 
this  purpose,  and  while  they  cost  considerable  they  will 
quickly  pay  for  themselves  on  account  of  the  economy  in 
assembling.  It  never  pays  to  skimp  in  the  toolroom  and 
turn  out  inaccurate  tools,  for  many  times  their  worth  is  lost 
in  fitting  at  the  assembling  bench,  both  on  account  of  the 
time  required  and  because  of  the  skilled  help  then  necessary. 
With  good  tools,  cheap  help  may  be  used  in  assembling. 
This  truth  applies  to  all  parts  of  telephone  apparatus. 
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THE  INDUCTION  COIL 

1.  The  luductlon  coll  used  in  local-battery  telephone 
linstruments  is,  almost  without  exception,  made  by  wtnd- 
Plng  on  a  sujtable  spool  a  comparatively  small  number  of 
1  turns  of  coarse  copper  wire,  and  on  the  outside  of  this  a 

large  number  of  turns  of 

fine  copper  wire.     Within 

the  spool  is  placed  a  bundle 

of  sofl-iroD  wire,  forming 

a  core.     The  general  ap- 

|])earance  of  the  coil  ordi- 
nartty  used  with  the  Blake 
transmitter  is  shown  in  Fig.  1,  and  its  internal  construction 
in  Fig.  2.     It  consists  of  two  square  wooden  heads  //,  // 
■fined  to  a  paper  tube  T,  aroimd  which  is  wound  a  primary 
coil  of  3  layers  of  No.  24  B.  &  S.  single  cotton-covered 

wire.  Over  this  are  wound  several  layers  of  waxed  paper 
and  then  a  secondary  coil  of  No.  36  B.  &  S.  single  cotton- 
covered  wire,  and  finally  a  layer  of  bookbinder's  cloth,  to 

^  OfrrittMlit  iHtitnalional  Ttillumi  Owr^anr.    EiUtrcd  it  Sralianrri'  Hall.  LomSon 
IS 
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hide  defects  in  winding  and  to  protect  the  wires.  The  core 
is  4  inch  in  diameter  and  is  composed  of  soft-iron  wire. 
The  resistance  of  the  primary  winding  in  this  coil  is  usually 
slightly  less  than  2  ohm,  while  the  resistance  of  the  second- 
ary coil  is  about  250  ohms.  This  coil  is,  therefore,  com- 
monly spoken  of  as  a  250-ohm  coil. 


DESIGN  OF  INDUCTION  COIIiS 

2.  The  induction  coil  best  suited  for  one  transmitter  will 
not  give  the  best  results  with  another;^  it  is  therefore  desir- 
able to  design  a  coil  with  reference  to  the  particular  make  of 
transmitter  with  which  it  is  to  be  used.  Unfortunately,  the 
complexities  of  the  problem  are  such  as  to  render  its  treat- 
ment from  a  mathematical  standpoint,  with  the  object  of  pro- 
ducing practical  results,  out  of  the  question.  The  method 
usually  employed,  therefore,  is  one  of  comparison,  a  large 
number  of  coils  of  various  proportions  and  resistances  being 
tested  with  a  view  of  finding  out  which  will  produce  the 
best  results.  In  choosing  the  proportions  of  the  trial 
coils,  the  experience  of  others  may  be  used  as  a  guide 
within  certain  limits. 

3.  A  convenient  method,  in  case  a  somewhat  extensive 
investigation  is  to  be  made,  is  to  decide  on  a  certain  dimen- 
sion and  length  of  core,  and  then  to  wind  perhaps  ten  of  them 
with  primary  coils,  using  different  sizes  of  wire  and  with 
varying  numbers  of  turns.  Ten  secondary  coils  may  then 
be  wound  on  thin  spools,  each  one  adapted  to  fit  snugly  over 
any  one  of  the  trial  primary  coils.  Suppose  that  each  of  the 
primary  coils  and  also  each  of  the  secondary  coils  is  numbered 
consecutively  from  1  to  10,  and  that  a  certain  primary,  say 
No.  1,  is  chosen  and  tested  with  each  of  the  ten  secondaries 
in  succession.  The  combination  producing  the  best  result 
is  noted.  Primary  coil  No.  2  is  then  tested,  using  each  of 
the  secondaries  in  succession,  and  the  best  combination 
again  noted.  Similarly,  the  best  combination  between  the 
various  secondaries  and  each  of  the  primaries  may  be  deter- 
mined.     It  now  remains    to  choose   in   the  same  manner 


§5  TELEPHONE  APPARATUS  3 

between  the  ten  combinations  of  primary  and  secondary 
determined  on.  In  this  manner,  by  winding  ten  primaries 
and  secondaries,  a  choice  may  be  had  from  the  equivalent  of 
one  hundred  induction  coils,  thus  making  it  possible  to 
cover  a  wide  range  with  a  comparatively  small  outlay. 

4,  Some  maintain,  says  W.  A.  Taylor,  in  the  Electrical 
Review,  that  a  very  large  ratio  between  the  windings  should 
be  adopted,  while  others  have  gone  to  the  other  extreme. 
Of  the  two  sides,  the  latter  has  the  better  of  the  argument. 
It  has  been  shown  by  actual  tests  that  the  lower-wound 
secondary  gives  better  results  in  voice  transmission.  There 
are,  however,  occasions  when  the  higher-wound  secondary 
is  to  be  preferred,  even  if  the  transmission  is  to  be  sacrificed 
somewhat.  Should  a  high-wound  coil  A  be  placed  at  one 
end  of  a  line  and  a  low-wound  coil  B  at  the  other,  the  party 
at  the  instrument  with  the  low-wound  coil  would  hear  better 
than  the  party  at  the  other  end;  this  would  seem  to  show 
that  the  high-wound  induction  coil  transmits  better  than  the 
low-wound  coil.  This  is  not  a  fair  test,  however,  because 
the  current  induced  in  the  low-wound  secondary  of  coil  B 
has  to  meet  the  high  impedance  of  the  high-wound  secondary 
of  coil  Ay  while  the  current  induced  in  A  meets  a  low  im- 
pedance in  B)  it  is  therefore  easily  seen  why  there  is  a 
difference.  It  is  best  then  to  always  test  with  coils  alike  on 
both  ends,  or  the  results  will  prove  misleading.  To  get  the 
best  results  in  transmission,  it  is  better  not  to  have  more 
than  about  4,000  turns  on  the  secondary  and  about  75  ohms. 
The  primary  winding  will  depend  largely  on  the  transmitter 
that  is  used.  The  larger  the  primary  current,  the  smaller 
should  be  the  number  of  turns  in  the  primary;  for  if  there 
are  too  many  ampere-turns,  the  core  of  the  coil  will  be 
magnetized  above  the  saturation  point  and  consequently  a 
change  in  the  current  will  produce  too  small  a  change  in  the 
magnetism.  The  density  of  magnetism  should  be  at  about 
the  steepest  part  of  the  magnetic  curve,  so  that  a  given 
change  in  the  ampere-turns  will  produce  the  greatest  effect 
on  the  core. 
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5.  Iron  for  Cores. — The  material  of  the  core  has  a 
gfreat  deal  to  do  with  the  efficiency  of  an  induction  coil. 
The  core,  to  produce  the  best  results,  should  be  composed 
of  small  Norway  iron  wires,  preferably  not  larger  than 
No.  24  B.  W.  G.,  annealed  after  straightening  and  cutting. 
If  the  core  were  to  be  made  of  solid  iron  it  would  act  slug- 
gishly, because  of  the  eddy  currents  that  are  induced  in  it. 
For  this  reason,  the  core  is  made  up  of  a  bunch  of  wires. 
It  is  better  if  the  wires  have  a  thin  coating  of  iron  oxide  or 
varnish,  as  either  substance  acts  as  an  insulator  to  the  low- 
voltage  eddy  currents.  The  iron  should  be  exceedingly  soft, 
so  that  the  permeability  will  be  as  great  as  possible.  With 
hard  iron,  it  is  difficult  to  change  the  magnetism,  and  a  great 
deal  of  the  energy  supplied  by  the  current  is  lost.  The  soft 
iron  produces  a  core  that  acts  very  quickly. 

It  has  been  found  that  the  best  results  are  obtained  where 
the  length  of  the  winding  on  the  spool  is  about  three  times 
its  diameter.  A  long  thin  coil  allows  too  many  lines  of 
force  to  escape  between  the  turns  of  the  winding  instead  of 
passing  within  all  the  turns.  The  primary  should  be  wound 
next  to  the  core,  with  the  secondary  directly  above.  The 
core  should  be  insulated  with  at  least  -eV  inch  of  paper  or 
fiber,  and  a  like  thickness  should  separate  the  primary  from 
the  secondary.  All  windings  should  be  in  uniform  layers, 
as  the  insulation  is  then  less  apt  to  break  down  under  a 
strain  due  to  lightning  or  other  high-voltage  currents. 

6.  Durability. — Induction  coils  should  be  made  durable. 
As  one  side  is  connected  directly  to  the  line,  it  is  very  sus- 
ceptible to  burn-outs  from  discharges  of  static  electricity 
with  which  the  line  may  be  charged.  Therefore,  thoroughly 
insulate  every  part  of  the  winding  and  use  wire  as  large  as 
is  consistent.  It  is  especially  important  to  insulate  Ihe  ends 
of  the  spool  next  to  the  core.  Probably  nine-tenths  of  the 
burning  out  of  all  kinds  of  coils  used  in  telephone  work 
comes  from  the  poor  insulating  of  the  wire  at  the  end  of  the 
spools  next  to  the  core.  In  fastening  the  paper  used  in 
insulating,  a  paste  without  acid  should  be  used;  the  various 
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white  pastes  used  by  photog^raphers  for  mounting  prints  are 
excellent  for  this  purpose.  In  case  of  a  break  in  the  wire, 
the  splice  should  be  carefully  soldered  and  a  piece  of  paraf- 
fined paper  should  be  folded  over  the  joint;  no  acid  or  acid 
paste  should  be  used  for  soldering.  In  local-battery  induc- 
tion coils,  the  primary  should  be  wound  in  one  piece,  because, 
on  account  of  the  coarse  wire  used,  a  joint  would  make  a  larg^e 
lump  and  be  apt  to  cut  into  the  insulation  of  the  layer  above 
or  below  it  and  cut  out  part  of  the  coil. 

7.  Differences  Between  Good  Coils. — To  illustrate 
the  difference  in  the  induction  coils  that  have  been  found  to 
give  the  best  results  with  different  transmitters,  the  follow- 
ing table  is  given. 

TABIiB  I 


Transmitter 

Primary 
Ohms 

Secondary 
Ohms 

Length 
Inches 

Blake 

Western 

Solid-back    .... 

.48 
.38 
.50 

250 
70     . 
14 

2i 

4 
6 

The  resistance  of  the  secondary  used  with  the  solid-back 
transmitter  is  surprisingly  low,  and  demonstrates,  perhaps, 
the  extreme  limit  toward  which  the  tendency  in  the  con- 
struction of  induction  coils  has  been  in  recent  years.  It  was 
commonly  supposed,  particularly  among  the  independent 
companies,  that  the  higher  the  resistance  of  the  secondary 
of  an  induction  coil,  the  better  would  be  the  result;  and  it 
was  not  uncommon  to  find  500-ohm  and  even  750-ohm  coils. 
Such  specifications,  if  adhered  to,  often  proved  decidedly 
detrimental  to  the  service,  for  reasons  that  will  be  made  more 
apparent  later. 
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CONSTRUCTION  OF  INDUCTION  COIIiS 

8.  A  well-constructed  coil  suitable  for  use  with  solid- 
back  transmitters  is  shown  in  perspective  in  Fig.  3.  The 
spool  is  composed  of  two  square  fiber  heads  glued  to  the 
ends  of  a  fiber  tube.  The  primary  winding  consists  of  two 
layers  of  No.  20  B.  &  S.  gauge  single  silk-covered  copper 
wire.  Over  this  is  wrapped  a  layer  of  waxed  paper,  on  which 
is  wound  the  secondary  winding,  which  consists  of  two  No.  34 
B.  &  S.  gauge  single  silk-covered  wires  wound  on  at  the 


Pig.  S 

same  time,  so  as  to  be  parallel  throughout  their  entire 
lengths.  The  resistance  of  this  secondary  coil  is  70  ohms. 
Heavy  wires  s  and  s'  are  connected  to  the  fine-wire  terminals 
of  the  secondary  winding  at  points  within  the  spool,  and 
these  are  led  through  the  heads  of  the  spool  in  the  ordinary 
manner.  This  is  done  as  a  precaution  against  breakage  of 
the  very  fine  wires  in  handling. 

9.  Varley  Colls. — An  innovation  in  the  art  o  coil 
winding  has  been  introduced  by  the  Varley  Duplex  Magnet 
Company.  Their  method  is,  wherever  possible,  to  wind 
with  bare  wire.  In  order  to  prevent  the  short-circuiting 
between  the  various  convolutions,  a  silk  thread  is  wound 
parallel  with  the  bare  wire  throughout  its  length,  so  that  the 
adjacent  convolutions  are  always  held  a  slight  distance  apart. 
Between  the  several  layers  of  the  winding  are  introduced 
thin  layers  of  oiled  paper.     This  winding  is   accomplished 

m 

entirely  by  automatic  machinery,  and  the  coils  produced  are 
nearly  perfect.  The  machines  are  run  at  a  high  speed,  and 
at  the  proper  intervals  the  layers  of  paper  are  introduced 
without  stopping  the  machine  or  without  the  volition  of  the 
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ator.  This  method,  while  being  cheaper  than  the  ordi- 
ary  method,  in  which  insulated  wire  is  used,  has  also  the 
dditional  advantage  of  making  possible  a  given  number  of 
s  of  a  certain  size  of  wire  in  a  smaller  space  than  can  be 
btained  by  the  old  method.  Again,  the  convolutions  are 
-anged  with  practically  perfect  uniformity,  in  decidedly 
harp  contrast  to  the  results  produced  by  the  usual  method, 
1  which  the  wire  is  fed  to  the  machine  by  hand. 

10.  The  following  arc  the  dimensions  of  an  induction 
oil  commonly  used  by  the  Bell  companies  with  the  solid- 
wck  transmitter  in  local-battery  instruments:  diameter  of 
sore  is  ,25  inch;  length  of  core,  3.75  inches;  length  of  wind- 

)E  space.  3  inches;  dimensions  of  head,  1  inch  square, 
inch  thick.  The  core  is  composed  of  ITO  No.  28  B.  W.  G. 
way  iron,  annealed  and  surface  oxidized  after  straighten- 
ng  and  cutting.  The  thickness  of  core  insulation  is  A  inch; 
he  primary  has  four  hundred  turns  of  No.  26  S,  S.  C.  cop- 
wire,  measuring  1,62  ohms,  and  the  secondary,  one  thou- 
and  eight  hundred  turns  of  No.  28  single  cotton-covered 
lopper  wire,  21. >*  ohms.  The  terminals  of  the  secondary 
K  reeaforced,  being  two  strands  of  the  No.  28  wire.  This 
oil  is  used  with  a  normal  current  of  from  .2,'>  ampere  to 
15  afupcre  and  gives  very  good  service.  This  coil  is  some- 
rbat  different  from  the  coil  of  the  same  type  previously  used, 
I  (he  resistance  of  the  secondary  is  higher.  This  is  due 
0  a  change  from  silk-covered  to  cotton-covered  wire.  The 
iotton-covered  wire  occupies  more  space  than  silk-covered 
pire,  and  therefore  the  resistance  is  higher  for  the  same 
lumber  of  lunis, 

11.  Another  first-class  coil  Is  wound  on  an  annealed  iron 
Hrc  core,  i  inch  in  diameter,  with  a  head  li  inches  square. 
The  primary  has  four  hundred  turns  of  No.  24  B.  &  S.  single 
irttoo-covered  wire  of  1.6  ohms  resistance;  the  secondary, 
iro  thousand  turns  of  No.  30  B.  S:  S.  single  cotton-covered 

Irire  measuring  40  ohms.     The  length  of  winding  is  3i  inches. 

12.  For  a  very  small  coil,  the  following  is  a  good  design: 
Itamctcr  of   annealed-iron  wire  core.  «  inch;  heads,  J  inch 
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square;  leng^th  of  winding:  space,  2  inches;  primary,  three 
hundred  and  fifty  turns  of  No.  24  sing^le  silk-covered  wire, 
resistance  .9  ohm;  secondary,  two  thousand  turns  No.  33 
single  silk-covered  wire,  resistance  90  ohms.  In  this  coil, 
the  secondary  is  a  little  high  in  resistance.  Should  the 
primary  be  wound  with  No.  26  wire  and  the  secondary  with 
No.  32  a  better  proportion  would  be  reached. 

13.  Williams  Telephone  and  Supply  Company's  induc- 
tion coil  has  a  fiber  tube  i  inch  inside  diameter  and  4  inches 
long,  with  square  fiber  heads  li  inches  square,  glued  or 
shellaced  on  the  ends  of  the  tube.  The  tube  is  filled  with 
iron  wire  before  the  wire  is  wound  on,  as  this  secures  the 
heads  tighter  and  gives  more  rigidity  to  the  frame  and  also 
prevents  trouble  from  the  heads  turning  and  core  bulging, 
thus  causing  open  circuits  or  short  circuits.  The  primary 
consists  of  four  layers  of  No.  24  B.  &  S.  single  cotton-cov- 
ered wire,  thus  making  both  leads  come  out  of  the  same 
head.  The  secondary  consists  of  twelve  layers  of  No.  34 
B.  &  S.  single  silk-covered  wire,  and  measures  approxi- 
mately 250  ohms,  a  variance  of  10  ohms  each  way  being 
permissible.  Between  each  layer  of  the  secondary  is  placed 
a  layer  of  paper,  to  give  a  smooth  winding  surface  and 
also  to  prevent  a  high  voltage  discharge  jumping  from  one 
layer  to  the  other.  A  layer  of  bookbinders'  cloth  or  imita- 
tion leather  is  pasted  over  the  coil  to  prevent  injury  to  the 
wire.  Small  brass  clips,  or  terminals^  are  secured  into  the 
heads  on  top  of  the  coil  to  which  the  lead  wires  are  soldered. 

14,  Induction  Colls  for  Central-Energry  Systems. 

When  used  in  connection  with  central-energy  systems,  the 
induction  coil  assumes  an  entirely  different  design  as  to  the 
primary  winding;  the  number  of  turns  becomes  greater  and 
the  resistance  higher.  In  this  case,  the  current  used  is  very 
much  smaller,  and  consequently  the  turns  are  greater.  The 
coil  is  usually  placed  in  circuit  in  an  entirely  different  man- 
ner than  with  the  local-battery  systems.  Where  induction 
coils  are  used,  there  is  little  or  no  gain  in  the  loudness  of  the 
transmission,    but    the    quality   is  considerably  better   than 
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|rhere  ihe  transmitter  and  receiver  are  connected  in  the 
circuit.  Another  duty  that  an  induction  coil  is  some- 
tiroes  used  to  perform,  is  to  enable  the  placing  of  the 
receiver  in  a  local  circuit,  thus  preventing  a  direct  current 
from  the  central-office  battery  from  passing  through  and 
demagnetizing  the  receiver  magnet,  as  would  be  the  tend- 
ency if  the  receiver  was  incoiTectly  connected  in  the  line 
circuit.    The  use  and  connection  of  induction  coils  in  central- 

rergy  telephones  will  be  considered  in  connection  with  the 
rious  central-energy  exchange  systems. 
TESTS  OF  INDUCTION  COILS 
15.  A  systematic  set  of  experiments  was  carried  out 
in  the  electrical  engineering  laboratories  of  the  Iowa  State 
College,  in  1902,  to  determine  whether  any  definite  relation 
exists  between  the  dimensions  of  the  coil  (that  is,  between 
the  length  of  the  core,  diameter  of  core,  and  ratio  of  turns 
in  primary  and  secondary  windings)  and  the  efficiency  with 
which  an  induction  coil  transmits  speech,  considering  both 
the  intensity,  or  volume,  and  the  clearness  of  the  sound  pro- 
duced at  the  receiver,  as  compared  with  the  same  properties 
in  the  sounds  spoken  to  the  transmitter.  According  to  the 
n  Telephone  Journal,  in  which  the  results  were 
iblisbed,  twenty-two  pairs  of  coils,  four  pairs  of  which 
re  made  in  prominent  telephone  factories,  were  tested; 
Ifhteen  pairs  were  made  expressly  for  the  test,  some  being 
ide  according  to  data  furnished  by  well-known  telephone 
inufacturers.  The  spools  for  these  coils  were  made  by 
luing  together  several  layers  of  paper  to  which  were  glued 
ids  made  of  walnut  wood.  The  primary  and  secondary 
indings  were  separated  by  two  thicknesses  of  rice  paper. 
being  taken  to  make  the  coils  first  class  in  every  par- 
lular.    Two  exactly  similar  coils  were  made  of  each  design; 

dimensions  of  the  coils  are  given  m  Table  II. 
Two  stations  ^  and  B  were  established  in  different  rooms, 
station  being  equipped  with  exactly  the  same  apparatus; 
ic  coQoections  at  each  station  are  shown  in  Fig.  4.     Bacb 
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station  had  twenty-two  induction  coils,  similarly  arranged. 
One  induction  coil,  No.  21,  was  taken  as  a  standard  and  all 
the  other  coils  were  compared  with  it.  They  were  similarly 
arranged,  side  by  side,  as  shown  at  1,  2,  so  that  any  one 
could  readily  be  connected  to  the  circuit  and  substituted  for 
the  standard  coil  by  throwing  over  the  double-pole  double- 
throw  switch  D.  Two  storage  cells  were  used;  and  by  adjust- 
ing n  along  a  suitable  resistance  ad,  any  desirable  voltage 
could  be  obtained  across  the  transmitter  terminals  c,  d. 

The  primary  circuit  was  adjusted  to  give,  with  the  standard 
coil  in  circuit,  as  nearly  as  possible  a  reading  of  3  volts 
at  the  terminals  of  the  transmitter  and  a  current  of  about 
A"  ampere  in  the  primary  circuit,  these  values  being  found 


to  give  the  best  results.  These  readings  were  taken  after 
the  transmitter  had  been  struck  a  sharp  blow  with  the  hand, 
this  being  done  to  destory  any  packing  and  also  to  insure  a 
uniformity  of  distribution  of  the  carbon.  The  transmitter 
and  the  receiver,  which  were  Kellogg  instruments,  were  in 
separate  rooms,  so  that  the  one  listening  could  not  possibly 
hear  the  one  talking,  except  through  the  receiver.  Each  coil 
was  tested  on  two  lines,  one  of  No.  14  B.  &  S.  galvanized- 
iron  wire  (57.4  ohms  per  mile)  about  6  miles  long,  and  the 
other  of  No.  9  B.  &  S.  galvanized-iron  wire  (18.1  ohms  per 
mile)  about  100  miles  long.  These  were  actual  overhead 
line  circuits,  the  tests  being  made  at  night  when  they  were 
not  otherwise  in  use. 
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16,  Test  for  lioudness. — In  the  test,  it  was  supposed 
that  the  efficiency  was  made  up  of  two  factors — volume  and 
clearness.  The  volume,  or  loudness,  was  determined  rela- 
tively only,  that  is,  in  terms  of  the  standard  coil.  The  two 
operators  making  the  test  are  called  A  and  B,  In  testing  for 
volume,  A  would  say  to  By  for  instance  *'volume  on  No.  f 
and  both  would  throw  their  switches  D  so  that  the  standard 
induction  coil  No.  21  would  be  in  circuit.  A  then  counted 
"1  2  3  4  5  and  1  2  3  4  5*'  but  at  the  word  *'and*'  A  and  B 
would  simultaneously  throw  their  switches  D  so  as  to  cut  in 
No.  1  in  place  of  No.  21,  Thus,  B  would  hear  the  first  five 
numbers  through  the  standard  pair  and  immediately  after- 
guards the  second  five  numbers,  with  all  conditions  the  same 
as  nearly  as  possible,  through  the  No.  1  pair  of  coils.  This 
operation  was  repeated  two  or  three  times,  and  B  recorded 
his  judgment  of  the  relative  volumes  in  percentages  without 
informing  A,  The  process  was  then  repeated,  but  this  time 
B  counted  and  A  judged  the  volume  and  recorded  it.  An 
average  of  the  two  records  represents  very  closely  the  com- 
parative volumes. 

17.  Test  for  Clearness. — For  the  clearness  test,  eight 
similar  lists  of  fifty  words,  letters,  or  numbers  were  pi'e- 
pared,  similar  to  the  following: 


broQffht 

thonffbt 

wrousrbt 

fouffbt 

bousrht 

frausrbt 

cauflrbt 

ousrbt 

1 

2 

3 

4 

• 

5 

6 

7 

8 

B 

D 

6 

P 

B 

C 

v 

fee 

28 

48 

8 

38 

88 

888 

68 

58 

In  this  way,  eight  lists  were  obtained,  each  of  which  contained 
a  word  similar  in  sound  to  words  in  each  of  the  other  lists. 
Operator  A  used  four  of  the  lists  and  B  the  other  four.  The 
lists  were  written  on  cards  and  mixed  up.  A  drew  cards  from 
a  box,  one  at  a  time,  and  read  the  word  written  on  it  into  the 
transmitter  and  recorded  the  words  on  a  sheet  in  the  order 
sent.  B  also. recorded  in  order  what  he  heard.  When  one 
list  or  fifty  words  was  used,  the  process  was  repeated  with 
another  list;  but  this  time  B  repeated  the  words  and  .-/ 
recorded  what  he  heard.     The  original  sent  and  received 
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lists  were  then  compared  and  the  percentage  of  correct 
words  found.  The  averag^e  of  these  two  percentasfes  g:ives 
a  result  very  nearly  independent  of  any  slight  defect  of 
either  operator,  or  any  error  at  either  end.  In  both  the 
volume  and  the  clearance  tests,  as  even  a  tone  of  voice  as 
possible  was  used. 

18.  Results  of  Tests. — In  Table  III,  which  gives  the 
results  of  the  test,  V  represents  the  percentage  of  the  volume 
compared  with  the  volume  of  the  standard  coil  No.  21\  C  rep- 
resents the  per  cent,  of  clearness,  or  the  per  cent,  of  words 
received  correctly;  A,  the  average  of  the  two  results  Kand  C; 
A  S,  the  per  cent,  of  efficiency  of  A  for  each  coil  compared 
with  A  for  the  standard  coil;  CS,  the  per  cent,  of  clear- 
ness for  each  coil  compared  with  the  standard;  and  the  last 
column  gives  the  average  of  the  AS  and  AS'  values, 
that  is,  the  average  efficiency  of  each  coil  for  the  two  tests. 
While  the  table  contains  considerable  •useful  information, 
there  is,  nevertheless,  apparently  no  relation  between  the 
ratio  of  the  number  of  turns  in  primary  and  secondary  wind^ 
ings  or  the  dimensions  of  the  coil  and  the  efficiency  of 
speech  transmission.  However,  one  point  shown  by  the 
tests  is  that  the  greater  the  ratio  of  transformation — that 
is,  the  greater  the  ratio  of  turns  in  secondary  to  turns  in 

primary — the  better  does  the  coil  work  on  the  longer  line; 

• 

that  is,  the  longer  the  line,  the  greater  should  be  the  ratio 
of  transformation.     This  would  naturally  be  expected. 
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MAGNET-WINDING  CALCULATIONS 
I  19.     CollB    DeslKitateil    by  Their   ReslstRnce.— The 

isistance    of   a   wire    varies    directly   as    its    length    and 
fersely  as  its  sectional  area,  or  inversely  as  the  square  of 

!  diameter.     From  this  it  is  evident  that  the  number  of 

trns  in  a  coil,  since  this  varies  as  the  length  of  the  wire,  has 
|-definite  relation  to  its  resistance,  and.  therefore,  the  resist- 

ice  of  a  coil  may  be  taken  as  a  measure  of  the  number  of 
of  wire  it  contains.  It  is  easy  to  measure  the  resist- 
bice  of  a  finished  coil,  but  it  is  not  an  easy  matter  to  deter- 
pune  the  number  of  turns  or  the  length  of  wire  used.     On 

^;ount.   therefore,   of  this  practical  convenience,  and  not 

Kause  the  resistance  itself  is  a  desirable  quantity,  it  is 
bstomary  to  speak  of  an  electromagnet  or  coil  as  having  a 
prtain  resistance  instead  of  a,  certain  number  of  turns,  and, 

lerefore,  to  designate  it  by  its  resistance. 

I  30.     If  a  given  space  is  tilled  with  a  winding  of  insulated 

pre.  the  resistance  of  the  whole  coil  will  be  approximately 

Jroportional  to  the  square  of  the  number  of  turns  of  wire. 

Jurtliermore.  the  number  of  turns  of  insulated  wire  that  can 

put  in  a  given   space  will  be  approximately  inversely 

proportional  to  the  square  of  the  diameter  over  the  wire  and 

t  insulation.     For,  if  a  given  spool,  wound  full  of  wire,  is 

^wound  with  another  wire  of  one-half  the  cross-section,  the 

■ol  will  contain  twice  the  number  of  turns,  and,  therefore, 

irice  the  length  of  wire.     But  the  resistance  per  unit  length 

f  the  second  wire  is  twice  that  of  the  first.     Therefore,  since 

e  spool  contains  twice  the  length  of  wire,  each  unit  length 

jE  which  has  twice  the  resistance  of  the  fir.st.  the  total  resist- 

B  of  the  spool  rewound  with  the  smaller  wire  will  be  four 

;  great  as  it  was  originally.     That  is,  doubling  the 

inmljer  of  turns  and  using  a  wire  of  one-half  the  cross- 

Ktion  quadruples   the    resistance.     Hence,   the   resistance 
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varies  as  the  square  of  the  number  of  turns.  Even  if  exactly 
the  same  space  is  occupied  in  each  case,  this  is  only  approxi- 
mately true. 

This  may  be  summarized  in  the  following  manner: 
Let  R  =  resistance; 

T  =  number  of  turns; 

d  =  diameter  (bare)  of  wire   with  which  given  spool 

is  filled; 
dx  =  diameter  of  wire  over  the  insulation; 
If  this  same  spool  is  refilled  with  a  wire  whose  bare  diam- 
eter is  d^  and  diameter  over  insulation  dj,  the  resistance  R' 
and  the  number  of  turns  7^  will  have  such  values  that  the 
following  formulas  will  be  approximately  satisfied: 

K^ini     (1) 

that  is,  the  resistance  is  directly  proportional  to  the  square 
of  the  number  of  turns. 

r       (dxY  ^^ 

that  is,  the  number  of  turns  is  inversely  proportional  to  the 
square  of  the  diameter  of  the  wire  over  its  insulation. 

If  the  bare  diameter  of  a  wire  is  doubled,  the  area  will  be 
four  times  as  great  and  the  resistance  one-fourth  as  great  for 
the  same  length;  but  only  one-fourth  as  many  turns  of  the 
larger  size  wire  can  be  put  in  the  same  space  (neglecting 
insulation  on  wire),  hence  the  length  of  the  larger  wire  will 
be  one-fourth  that  of  the  smaller  wire  and  its  resistance  per 
unit  length  only  one-fourth  as  great,  and  its  resistance  will 
be  only  one-fourth  of  one-fourth,  or  one-sixteenth,  as  great. 
Hence,  if  the  diameter  varies  from  1  to  2,  the  resistance  will 
vary  from  16  to  1,  but  16  =  2*,  hence  the  resistance  varies 
inversely  as  the  fourth  power  of  the  diameter.     Therefore, 

^-  =  LdJl         (3) 

that  is,  the  resistance  is  inversely  proportional  to  the  fourth 
power  of  the  diameter  of  the  bare  wire. 
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If  the  ampere-turns  are  kept  constant,  then 

^  =  ^  (4) 

IT' 

in  which  /  and  /'  are  the  currents  necessary  with  T  and  T' 
turns,  respectively.  From  formulas  2  and  4,  it  is  evident 
that 

iL  =  wr     (6) 

and  from  formulas  1  and  4,  that 

(FY      R  ,«. 

VY       ^  ^^^ 

Hence,  the  current  varies  inversely,  formula  4,  as  the 
number  of  turns,  directly,  formula  5,  as  the  square  of  the 
diamater  of  the  wire  over  its  insulation,  and  inversely,  for- 
mula 6,  as  the  square  root  of  the  resistance.  The  above 
formulas  will  not  give  very  accurate  results  because  the  wire 
is  seldom  wound  on  a  spool  in  a  perfectly  uniform  manner. 

21.  The  diameter  of  a  copper  wire,  in  inches,  that  will 
fill  a  bobbin  or  spool  of  given  dimensions  and  offer  a  given 
resistance  can  be  found  approximately  by  the  following 
formula: 


•    d  =  .0288  J-^^^^^^^ 


in  which  d  =  diameter  of  bare  copper  wire; 

/  =  length  of  winding  space  on  spool; 
d.  =  outside  diameter  of  coil; 
dx  =  inside  diameter  of  coil,  and  generally,  in  tele- 
phone magnets,   practically   the    same    as 
diameter  of  iron  core  (the  above  must  all 
be  expressed  in  inches); 
R  =  resistance  of  coil,  in  ohms. 
In  electromagnets  having  two  coils,  J^  is  the  resistance 
of  one  coil  only. 

Note. — The  total  number  of  turns  in  a  coil  is  equal  to  the  cross-sec- 
tion of  the  coil,  normal  to  the  direction  of  the  wires,  in  square  inches, 
multiplied  by  the  number  of  wires  that  can  cross  a  square  inch.  This 
may  be  written  as  follows:  number  of  turns  =  number  of  square  inches 
X  wires  per  square  inch.     The  total  length  of  wire  is  evidently  the 
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total  number  of  turns  multiplied  by  the  mean  length  of  one  turn. 
The  mean  length  of  one  turn  =  „  X  (^o  +  ^i).  Hence,  the  total 
length  of  wire  in  the  coil  =  number  of  square  inches  X  wires  per 
square  inch  X;kX(do-\-  di).    The  cross-section  of  the  coil  in  square 

inches  =  —^ —,  in  which  /  is  the  length  of  the  coil;  and  the 

number  of  wires  per  square  inch  =  -v-^»  approximately,  in  which  </»  is 

(•X 

the  diameter,  in  inches,  of  the  wire  over  its  insulating  cover.     Then 

*!,     *  *  1  I       *u     «      •       •     *u         -1         iXido- dx)  XirX  (do-\-dt) 
the  total  length  of  wire  m  the  coil   =  ^ ^  *"  ^       .  , ■ -. 

A  X  ^  X  Om 

Now,  a  copper  wire  r^ji  inch  in  diameter  and  1  foot  long  has  a  resist- 
ance of  10.5  ohms  (international  ohms  at  75°  F.,  or  24°  C.);  hence,  a 
copper  wire  1  inch  in  diameter  and  1  inch  long  will  have  a  resistance 

®^  io  w  n  nnhT*  ^^"*^»  *°^  ^  copper  wire  having  a  diameter  of  d  inches 

10  5 
will  have  a  resistance  of  vo  >^  fi^nntw  s^  Ji  ohms  per  inch  of  length. 

U  X  (1.000)    X  u 

Then,  for  the   total    resistance   /^  of   the   wire   in  the  coil,   we  get 

„       l{do-d,)X7:(do'\-dx)Xl0.b      .         ,      ^         ,         ^-.    , 

^  =  4-^^7xT2-x  aiooo)^^^^---    ^°  ^^^"^  ^^  "-^^"^^  '^'^  '^  ^  ^^°" 

venient  form,  it  is  necessary  to  make  the  approximation  that  dx  =  d. 
This  is  not  a  very  serious  error,  especially  in  this  case,  where  some  of 
the  other  quantities  may  not  be  very  exact,  and  the  error  reduces  as 
the  wire  increases  in  size.  Making  this  approximation,  simplifying, 
and  solving  for  d,  we  get 

r/  -     */10.5X7rX/(^o- -£/.•)    ^^   .        ^^  j^lTido*  -  d,n  .     .  ^, 

^  =  \"4  xi2 xTi.oooy  X i? '  ^' ^  =  -^^  \ >e ^°^^^"- 

After  calculating  d,  the  size  of  the  wire  that  has  this 
diameter  may  be  obtained  from  a  wire  table.  In  order  to 
allow  for  irregularities  in  winding,  insulation,  etc.,  the  next 
smaller  gauge  wire  should  be  used,  because  a  length  of  the 
smaller  wire  having  the  required  resistance  will  not  quite  fill 
the  space,  while,  for  the  next  larger  size  of  wire,  the  spool 
would  not  hold  enough  of  the  wire  to  produce  the  desired 
resistance,  or,  strictly  speaking,  there  would  not  be  enough 
turns.  

DIMENSIONS  OF  MAGNET  WIRES 

22.  Wire  used  for  winding  magnets  is  usually  insulated 
with  one  or  more  wrappings  of  cotton  or  silk.  The  thickness 
of  the  insulation  varies  slightly  with  different  makes  of  wire, 
but  the  outer  diameters,  as  given  in  Table  IV,  may  be  taken 
as  the  average  for  single,  double,  and  triple  cotton-covered 
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In  this  table,  the  quantities  are  not  carried  to  more 
ibaa  three  significant  figures.     The  values  so  obtained  are 
xurate  enough  for  most  calculations  connected  with  magnet 
Fwindings.     On  this  account,  the  values  in  the  second,  third, 
r  and  fourth  columns  differ  somewhat  from  those  given  in 
standard  wire  tables.     The  column  headed  Wires  per  Inch 
gives  the  number  of  insulated  wires  that  can  be  placed  side 
l^by  side  in  a  space  of  1  inch;  these  numbers  are  useful  in 
^MBstimating  the  number  of  turns  that  can  be  wound  per  layer 
^Bd  a  winding   space   of   given   axial    length.     The   column 
j^neaded  Wires  per  Square   Inch  gives  the  number  of  turns 
'       that  can  be  placed  in  each  square  inch  cross-section  of  wind- 
ing space.     The  wires  per  inch  and  per  square  inch  are,  if 
anything,  on  the  lower  side,  and  there  should  be  no  difficulty 
D  getting  the  number  of  wires  stated  into  the  specified  space. 
23.     The  following  expression  is  often  useful  for  magnet- 
irinding  calculations: 

'^  "  12  X  rf.' 
D  which  V  =  volume,  in  cubic  inches,  of  the  space   to  be 
occupied  by  the  coil; 
r  =  ohms  per  foot; 
d,  =  diameter  over  insulation  of  size  wire  to  be 

used; 

R  =  total  resistance  of  whole  coil. 

For  any  size  wire,  r  and  d,  can  be  obtained  from  tables; 

Ihen,  if  either  V?  or  f  is  known,  the  other  can  be  determined. 

The  volume  occu- 

iltiplied 


Note.— Evidenity,  js  is  the  resistance  per  inch. 


Ked  by  a  ((iven  length  ot  wire  is  equal  to  its  cross -sect  ion 
■  its  length.  nn<J,  hence,  the  volume  v  divided  by  the  ci 
ol  Ibe  wire  gives  the  length  of  wire.  If  the  wire  is  wound  i 
the  area  occupied    by  each  wire  will   be  approjiimately  equal  to   the 

n  — \— ,  because,  when  the  wires  are 

piled  over  and  alougside  one  another,  eoch  wire  occupies  nearly  a 
quare.  each  side  of  which  is  equal  to  the  diameter  of  the  wire,  and 
the  inlerventog  spaces  in  each  corner  of  each  square  are  almost  unoc- 
cupied and  lost.  Hence,  the  volume  divided  by  Ibe  square  of  the 
diameter  gives  the  approximate  total  length  of  wire.    Therefore,  the 


iquare  of  the  diameter,  i 


iot«I  leagth 


rf." 


Q  inches,  multiplied  by  --.  the 


e  of  the  n 
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per  inch,  gives  the  total  resistance  of  all  the  wire  on  the  spool,  that  is, 
the  resistance  of  the  coil. 

Example. — How  many  turns  of  No.  20  double  cotton-covered  wire 
can  be  wound  in  eight  layers  on  a  spool  having  a  length,  inside  the 
end  shoulders,  of  1.25  inches,  assuming  that  the  wires  are  wound 
evenly  so  that  no  space  is   lost  between  turns? 

Solution. — The  diameter  of  No.  20  double  cotton-covered  wire, 


from  Table  IV,  is  40  mils,  or  .04  inch.     Hence,  there  will  be 


1.25 
.04 


turns 


1  25  X  8 
in  one  layer  and  — — 7>t —  =  250  turns  in  the  eight  layers.    Ans. 

TABIiB  V 
DATA    ON    DOUBLE    SlOC-COVERED    COPPER    WIRE 


B.  &  S. 
Gauge  Number 

0  —  Ohms 
per  Cubic  Inch 

u 

Pounds 
per  Cubic  Inch 

20 

.76 

.79 

.24 

22 

2 

.69 

.23 

24 

5 

.62 

.21 

26 

12 

.55 

.19 

28 

25 

.49 

.17 

30 

54 

.43 

.14 

32 

105 

.37 

.12 

34 

195 

.31 

.08 

36 

355 

.25 

.075 

38 

630 

.19 

.06 

40 

1,050 

.13 

.05 

24.  Table  V,  taken  from  the  Physical  Laboratory  Notes 
of  the  Massachusetts  Institute  of  Technology,  gives  the 
ohms  0  per  cubic  inch  for  some  sizes  of  double  silk-covered 
copper  wire.  By  ohms  per  cubic  inch  is  meant  the  number 
of  ohms  of  a  given  size  of  insulated  copper  wire  that  can 
be  put  in  a  space  of  1  cubic  inch.  It  is  not  calculated  by 
any  formula,  but  is  based  on  data  obtained  by  winding  a  few 
actual  coils.  The  column  headed  u  gives  the  ratio  of  the 
volume  of  the  copper  to  the  total  volume  of  the  coils  as 
actually  wound,  and  the  last  column  enables  one  to  determine 
the  weight  of  wire  necessary  for  a  coil  when  the  volume 
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is  known.  As  the  wire  becomes  smaller,  the  insulation  on 
it  occupies  a  larger  proportion  of  the  total  volume.  For 
instance,  a  spool  filled  with  No.  40  has  only  13  per  cent,  of 
its  volume  occupied  with  copper. 


USBFUIi  FORMUIiAS 

25.  The  following  formulas  may  prove  useful  under 
different  conditions:  All  dimensions,  such  as  length  of 
spool,  diameter  of  wires,  etc.  must  be  expressed  in  inches. 
The  derivation  of  these  formulas  is  not  of  sufficient  impor- 
tance to  be  given  here. 

The  resistance  R,  in  ohms  at  75°  F.,  of  a  given  coil  may 

be  calculated  by  the  following  formula,  provided  that  we 

have  given  the  outside  diameter  of  the  coil  d^y  the  inside 

diameter  of  the  coil  dx,  the  length  of  the  coil  /,  the  diameter 

of  the  bare  copper  wire  d,  and  the  diameter  of  the  wire  over 

its  insulation  dgi 

^  ^  .0000006872  l(d,'  -  d,') 

dx*  d* 

26.  In  this  or  almost  any  other  formula,  any  quantity  in 
the  formula  may  be  calculated,  if  all  the  other  quantities  are 
known.     For  instance 

d  =    L^^zyi^   4.^. 

"        \. 0000006872/        ' 

Example. — If  a  coil,  having  a  length  of  1  inch,  inside  diameter 
.4  inch,  and  outside  diameter  of  1  inch,  is  wound  with  No.  28  double 
silk-covered  copper  wire,  what  will  be  the  resistance  of  the  coil? 

Solution. —  .0126  is  the  diameter  of  the  bare  wire  and  .0166  the 
diameter  of  the  wire  over  its  double-silk  insulation.  By  substituting 
in  the  formula  given  in  Art.  25,  we  get 

„       .0000006872  X1X(1'-. 4-)        ,,  .,    ,  a 

^ (.0166)^X  (.0126)- ^^'^  ^^"^"-     ^°"- 

27.  To  find  the  bare  diameter  ^  of  a  wire  for  a  spool 
having  an  inside  diameter  dx  and  an  outside  diameter  d^  that 
will  produce  a  given  number  of  ampere-turns  /  T  with  a 
given  voltage  Ey  the  following  formula  may  be  used: 


w- 


000001874  (rt^o  -f  dMT 
E 
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Example.— What  will  be  the  number  of  ampere-turns  in  a  coil 
whose  inside  diameter  is  f  inch  and  outside  diameter  {  inch,  when 
wound  with  No.  33  B.  &  S.  single  cotton-covered  copper  wire  and 
having  a  difference  of  potential  of  8.5  volts  across  its  terminals? 

Solution. — From  Table  IV,  the  diameter  of  No.  33  B.  &  S.  wire  is 
7.08  mils  or  .00708  inch.  By  solving  the  formula  for  the  ampere-turns 
IT^  and  then  substituting  the  quantities  given,  we  get: 

(PE (.00708)' X  8.5    ^  .00006013  X  8.5 

.000001374(1/.  +  </,)*"  .000001374 (i  -f  f )       .000001374  X  li 
=  248  ampere-turns.    Ans. 

28.  If  either  the  length  /  or  the  depth  of  winding  -^ — - 
is  known,  the  other  may  be  calculated  from  the  formula: 

d.  —  dx 

in  which  T  =  number  of  turns; 

dx  =  diameter  of  wire  over  its  insulation. 

29.  *  Heating:  Effect. — When  a  current  flows  through  a 
coil,  it  continues  to  get  hotter  and  hotter  until  the  amount  of 
heat  radiated  from  the  surface  of  the  coil  is  just  equal  to  the 
heat  being  produced  in  the  coil.  The  inside  of  a  coil  will  be 
hotter  than  the  outside,  and  a  thick  coil  tends  to  get  hotter 
than  a  thin  one.  It  is  generally  safe  to  design  a  coil  so 
that  it  will  have  a  sufficient  cylindrical  siu*face  to  radiate 
1  watt  per  square  inch  of  this  surface  when  the  temperature 
of  the  coil  is  1(X)°  F.  above  that  of  the  surrounding  air. 
Hence,  the  watts  {PR)  produced  in  the  coil  should  not 
exceed,  for  a  rise  in  temperature  of  1(X)°  F.,  about  1  watt  per 
square  inch  of  cylindrical  surface. 

30.  In  practice,  the  radiation  from  the  ends  of  the  coil  and 
from  the  core  is  neglected  and  all  the  heat  is  always  sup- 
posed to  be  radiated  from  the  cylindrical  surface.  This  is 
on  the  safe  side  and  simplifies  the  calculations.  A  magnet 
should  usually  be  so  designed  that  it  will  stand,  indefinitely, 
the  full  voltage  of  the  circuit  without  overheating;  then  it 
will  not  be  damaged  should  a  short  circuit  occur  that  allows 
an  unusually  large  current  to  flow  through  it.     The  watts  W, 
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radiated  per  square  inch  from  the  cylindrical  surface  of  a 
round  coil  may  be  calculated  from  the  formula: 

'       3.1416  ^o/ 
in  which  W  is  the  energy  expended  in  the  coil  in  watts  and 

is  equal  to  IE,  or  PR,  or  — ■  watts. 

E* 

31,  By  substituting  — ^  for  W  in  the  last  formula  and 

R 
solving  for  R  we  get 

R  —  ^*  (1) 

3.U16doilVs 

in  which  R  is  the  warm  resistance  of  a  coil  having  an  out- 
side diameter  d^  and  length  /  for  a  given  voltage  E  across  its 
terminals  and  a  given  number  of  watts  JVs  radiated  per 
square  inch. 

To  obtain  the  resistance  at  the  temperature  of  the  room, 
allowance  must  be  made  for  the  difference  between  the 
temperatures  of  the  room  and  the  coil.  The  resistance  of 
the  coil  at  any  desired  temperature  /°  is: 

D  _  E^ /o\ 

'       3.1416^o/^K[l  +  .00223(A~/)] 

in  which  /,  is  the  temperature  of  coil  (the  higher  tempera- 
ture); and  /  the  temperature  at  which  its  resistance  is  desired. 
If  /°  is  the  rise  in  temperature  of  the  coil,  then  evidently 
/^  =  /.  -  /. 

32.  The  following  formula  gives  the  diameter  ^  of  a 
wire  that  will  give  the  greatest  number  of  ampere-turns  with 
a  rise  in  temperature  of  /°  F. 

d  = 


>w 


.000002159  (1  4-  .00223  t'')d.  /'  (do*  -  d,*)  Ws  .   (d.-dY 

E"  "*"      "4 

dx  —  d 

in  which  d,  —  d  represents  twice  the  thickness  of  insulation 
used  on  the  wire  and  may  be  obtained  from  a  table  by 
assuming  the  approximate  size  of  wire. 
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33.    The  greatest  number  of  ampere-turns  77*  that  may 
be  obtained  in  a  coil  for  a  given  voltage  E^  a  given  rise  in 
temperature  /°  F.,  and  W,  watts  radiated  per  square  inch  of 
cylindrical  surface,  may  be  calculated  from  the  formula: 
IT  ^ 


\U 


000002159(1  +  .00223  t'')d.r(d,'  -  aT/)  W,     (d^-dY 

E"  4 


~~2~"     ^  .000001374 (fl^o  +  d,) 


BATTERIES    FOR   TELEPHONE  WORK 


GENERAIi  REQUIREMENTS 

34.  Voltage. — The  electromotive  force  best  adapted 
for  the  operation  of  the  ordinary  granular-carbon  transmitter 
when  connected  in  a  local  circuit  with  the  primary  winding 
of  an  induction  is  approximately  3  volts,  although  some 
transmitters  apparently  work  with  a  greater  efficiency  at  as 
high  a  pressure  as  6  volts.  The  Blake  transmitter,  however, 
attains  its  maximum  efficiency  with  a  pressure  of  less  than 
2  volts.  For  the  above  reasons,  the  ordinary  granular-carbon 
transmitter  is,  as  a  rule,  worked  with  two  Leclanch^  or  dry 
cells  placed  in  series,  thus  attaining  an  initial  pressure  of 
about  3  volts.  The  Blake  transmitter  always  worked  best 
with  one  Leclanch^  cell,  it  having  been  found  that  it  pro- 
duced a  disagreeable  humming  sound  when  subjected  to  a 
greater  electromotive  force.  The  American  Bell  Telephone 
Company  use  in  connection  with  the  White  solid-back  trans- 
mitter for  long-distance  circuits  two  Fuller  cells,  thus  attaining 
a  pressure  of  4  volts.  At  one  time,  three  such  cells  were 
commonly  used  in  connection  with  this  transmitter,  but  that 
practice  has  been  largely  abandoned,  as  it  is  found  that  two 
cells  give  substantially  as  good  results  as  three. 

35.  Internal  Resistance. — It  is  desirable  that  a  bat- 
tery shall  have  as  low  an  internal  resistance  as  is  possible, 
in  order  that  the  total  resistance  of  the  local  circuit  may  be 
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r 

^Htept  low.     A  high    resistance  in  the   battery  would  not 

Grimly  reduce,  by  Ohm's  law,  the  amount  of  current  flowing 

in    (he   local  circuit,  but   would   also  reduce  the  ratio  that 

the  maximum  change  in  resistance,  produced  by  the  Irans- 

mittjer,  bears  to  the  total  resistance  of  the  circuit, 

^K     36<     Current. — The  current  flowing  in  the  primary  cir- 
^Bcnit  of  a  telephone  will,  of  course,  depend  on  the  resistance 
^Bof  the  circuit,  including  the  transmitter  and  the  primary  of 
^Ktiie   induction  coil,  and  on   the  electromotive  force  of  the 
^P^baitcry.    Owing  to  the  peculiar  property  of  carbon  of  lower- 
ing its  resistance  when  heated,  the  current  through  a  trans- 
milter   subjected    to    a    constant   electromotive    force   will 
gradually  increase  as  the  particles  of  carbon  in  the  Irans- 
^L-mitter,  which  form  the  main  resistance  in  the  circuit,  become 
^Kbeated.     Inasmuch    as   the  voltage  of   the   battery   rapidly 
^Vfells  off  during  the  lime  when  the  local  circuit  is  closed,  its 
tendency  to  reduce  the  current  is  in  part  counterbalanced  by 
the  fact  that  ihe  resistance  of  the  circuit  is  becoming  lower, 
which    would,    in    itself,    tend    to     increase     the    current. 
Whether   or   not   the  current   throuEh   a  transmitter    actu- 
ally   falls    oflf    or    increases    as    the    transmitter    i;^    used 
depends    on   the    particular   transmitter   used    and   on   the 
degree  to  which  the  electromotive  force  of  the  battery  falls 
oS  during  use. 

In  general,  it  may  be  said  that  the  transmitters  having 
I  but  a  single  pair  of  electrodes,  of  which  the  Blake  is  repre- 
ksentative.  require  about  i  ampere,  while  some  granular- 
arbon  transmitters  operate  well  with  as  high  a  current  as 
I  ampere. 

37.     Keenperat!ve    Power. — A    telephone    battery   is 
Ssubject  to  rather  severe  use,  especially  if  the  instrument  is 
Bed  frequently  during  the  day.     While  in  use,  it  is  working 
[(or  from  1  to  .1  minutes  through  a  circuit  of  comparatively 
■low  resistance.     The  ordinary  primary  cell  will,  under  these 
Circumstances,  be  affected  to  a  large  degree  by  polarization, 
ivhich   results  in  a  considerable   reduction   of   the  electro- 
motive force;  and  although  the  resistance  of  the  transmitter 
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may  become  lower,  due  to  its  heating,  this  reduction  in  the 
electromotive  force  may  cause  a  decrease  in  current.  Dur- 
ing any  one  period  of  use,  not  excessive,  however,  the 
resistance  of  the  transmitter  falls  to  such  an  extent  that  the 
current  at  the  end  of  the  period  may  be  as  great,  or  even 
greater,  than  at  the  beginning,  notwithstanding  the  loss  of 
voltage. 

If,  during  the  periods  of  disuse,  the  battery  regains  its 
strength  so  that  at  the  beginning  of  the  next  period  of  use 
its  voltage  is  normal,  the  same  cycle  of  events  will  be 
repeated  without  impairing  the  efficiency  of  transmission. 
On  the  other  hand,  if,  after  a  period  of  disuse,  the  battery 
has  not  regained  its  normal  voltage,  it  will  not  be  able  to 
send  a  sufficient  current  through  the  transmitter  to  properly 
actuate  it;  for  during  the  period  of  disuse,  the  transmitter 
will  have  become  cold  and  its  resistance  therefore  corre- 
spondingly high.  In  this  case,  the  battery  will  probably  not 
be  able  to  send  enough  current  through  the  transmitter  to 
heat  it  appreciably,  and  therefore  the  resistance  of  the  trans- 
mitter will  not  be  lowered.  It  is  thus  seen  to  be  of  great 
importance  that  a  battery  should  possess  the  power  of 
quickly  regaining  its  strength,  or  recuperatlngr,  as  it  is 
termed,  after  it  has  been  subjected  to  severe  use. 

38.  other  Requirements. — Besides  possessing  the 
proper  voltage,  low  internal  resistance,  capability  of  working 
a  reasonable  length  of  time  without  great  falling  off  in  elec- 
tromotive force,  and  recuperative  power,  a  cell  to  be  suitable 
for  use  in  a  local  circuit  containing  the  primary  winding 
of  an  ordinary  telephone  induction  coil  and  an  ordinary 
granular-carbon  transmitter  should  possess  the  following 
features:  It  should  be  clean  and  be  free  from  the  produc- 
tion of  noxious  fumes  or  gases  and  the  creeping  of  salts,  and 
the  fluid  should  be  of  such  a  nature  as  to  produce  a  minimum 
amount  of  damage  when  spilled;  the  electrolyte  should  be  of 
such  a  nature  as  not  to  freeze  at  ordinary  temperatures,  for 
it  is  frequently  necessary  to  install  telephones  in  positions 
where  the  temperature  may  fall  very  low;  the  cells  should 
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be  as  free  as  possible  from  local  action,  so  that  while  the 
_exlema1  circuit  is  open,  there  may  be  no  waste  of  material, 
icause  (he  useless  consumption  of  material  makes  the  opera- 
ion  of  the  tell  expensive,  not  unly  on  account  of  the  cost  of 
Ilis  material,  but  also  on  account  of  the  frequent  visits  of  an 
iDspecIor;  it  should  use  materials  that  are  inexpensive,  and 
Ibould  be  of  such  a  nature  as  lo  be  readily  replenished  when 
iiecessary,  and  should  not  require  too  frequent  atteutioa  or 
Knewal  of  solnlions  or  parts. 


BATTERIES  FOK  TRAN8MITTEB8 

39.  The  Leclanch*  Cell.— The  cells  of  the  Leclanch^ 
[ypc  have  been  found  satisfactory  for  supplying  current  in 

I  local  circuiis  of  ordinary  telephones,  not  because  Ihey 
nllil  all  the  requirements  mentioned,  but  because  they  meet 
more  of  them  than  probably  any  other  class  of  cell,  except- 
ing perhaps  a  good  dry  cell.  They  possess  to  a  high  degree 
the  recuperative  power  so  desirable,  and  also  have  a  reason- 
ably high  electromotive  force,  usually  about  1,4  volts. 

40.  Life  of  Leolanchg  Batteries. — Under  fair  circum- 
uices,  a  good  cell  of  Leclanchd  battery  should  last  at  least 

K  months,  willi  no  other  attention  than  the  occasional  addition 

pf  water  lo  supply  the  loss  by  evaporation.     This  length  of 

me,  however,  is  frequently  greatly  exceeded,  and  where  the 

tenHce  is  not  very  severe,  cells  frequently  last  several  years, 

41.  neiiewtil  of  Itittlerles. — When  a  Leclanch6  cell 
hils  to  show  the  proper  voltage,  the  first  step  to  be  taken,  if 
the  connections  are  found  to  be  all  right  and  the  zinc  in  good 
condition,  is  to  pour  out  the  solution,  thoroughly  wash  off  the 

_^carbon  and  the  sine,  preferably  in  hot  water,  and  then  fill  in 
Hth  a  new  solution  containing  not  more  than  4  ounces  of 
[ood.  clean  sal  ammoniac.  If  the  zinc  is  badly  eaten,  it 
ihoald  be  replaced  with  a  new  one.  If  the  cell  then  fails  to 
row  the  proper  voltage,  the  porous  cup,  if  the  cell  is  of  the 
t  (onn,  should  be  soaked  for  several  hours  in  hot  water, 
I  replaced.     The  probabilities  are,  however,  that  a 
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ne\Y  porous  cup  will  be  required.  If  the  cell  has  a  carbon 
cylinder  containing  a  solid  depolarizer,  the  carbon  cylinder 
should  be  unscrewed,  the  depolarizer  poured  out,  and  a  new 
mixture  of  crushed  carbon  and  manganese  dioxide  filled  in. 
It  is  a  good  plan,  however,  before  putting  in  the  new  depo- 
larizer, to  soak  the  carbon  cup  in  hot  water  for  a  few  hours, 
as  this  tends  to  open  its  pores  by  dissolving  all  soluble 
matter  within  them. 

When  cells  having  porous  cups  are  used,  the  latter  must  be 
replaced  by  new  ones  when  the  depolarizer  is  exhausted. 

42.  Dry  cells  require  no  attention  until  they  become 
exhausted  and  need  to  be  replaced.  Furthermore,  dry  cells 
that  are  fully  equal,  if  not  superior,  during  their  intended  life, 
to  wet  Leclanch6  cells  may  now  be  obtained  from  reliable 
dealers.  Moreover,  they  are  much  cheaper  than  Leclanch6 
cells.  For  these  reasons,  they  are  now  very  extensively 
used  in  place  of  wet  Leclanch6  cells.  Dry  cells  that  have 
been  made  over  about  8  months  should  seldom  be  accepted, 
as  they  gradually  dry  out  and  their  internal  resistance 
increases  even  though  they  have  not  been  used. 

43.  Fuller  Cell. — Batteries  composed  of  two  or  three 
Fuller  cells  have  been  used  with  the  White  solid-back  trans- 
mitter for  long-distance  circuits.  This  cell  has  the  disad- 
vantage of  being  very  unpleasant  to  handle,  on  account  of 
the  nature  of  its  solutions,  and  the  further  disadvantage  of 
producing  very  serious  damage  to  whatever  it  happens  to  be 
spilled  on.  It  has  the  advantage,  however,  of  being  able  to 
produce  a  high  and  constant  electromotive  force  (2.1  volts), 
and  of  being  able  to  maintain  this  voltage  for  a  considerable 
period  when  acting  through  a  small  resistance.  The  cell 
used  by  the  American  Bell  Telephone  Company  is  termed 
the  Standard  Fuller  cell. 

44.  The  Storage  Battery. — The  storage  battery,  or 
accumulator,  forms  an  ideal  source  of  current  for  telephone 
work,  where  the  proper  means  for  its  charging  are  at  hand. 
The  reasons  for  its  adaptability  to  this  work  are:  first,  its 
high    electromotive    force,    which    is    practically    constant 
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Ebroiiehout  the  entire  use  of  the  cell;  second,  its  extremely 

V  ioteraal  resistance;  and  third,  its  cleanliness.    The  fumes 

e  disagreeable  and  destructive,  unless  confined  by  a  layer  of 

^1  over  the  solution  or  placed  in  a  properly  ventilated  room. 

illorage  batteries  have  not  been  much  used  at  subscribers' 

Hatiuns  because  of  the  trouble  in  charging  them.     Several 

[iiytilems  have  been  devised  for  charging  them  from  a  source 

■■of  current  at  the  central  office,  during  periods  when  the  line 

is  not  in  use,  but  there  seems  to  be  little  prospect  of  their 

replacing  primary  cells  in  local-battery  telephone  instruments. 

The  storage  battery  is  now  being  used  very  extensively  for 

■applying  current  for  talking  and  signaling  purposes  in  the 

xtitrat  ofhces  of  telephone  exchanges,  and  this  use  will  be 

lORsidered  fully  elsewhere. 


CONDEMSER8 

45.  The  use  of  condensers  in  telephone  systems  will  be 
Ibown  in  connection  with  party-line  and  central-energy  cir- 
;  only  their  construction  will  be  considered  at  this  point. 
The  capacity  of  the  condenser  used  in  telephone  systems 
Iocs  not  have  to  be  very  accurately  adjusted.  Condensers 
[  about  2  microfarads  are  more  generally  used  than  any 
Iber  size.  Various  methods  have  been  adopted  for  making 
>ndeiisers.  The  old  way  consists  in  building  up  the  con- 
enser  with  alternate  layers  of  tin-foil  and  paper.  This  is  a 
low  process,  however,  and  a  quicker  and  cheaper  method  of 
ssembling  the  paper  and  tin-foil  is  now  used. 


CONSTRUCTION  OF  CONDENSERS 

46.  The  condensers  now  used  are  called  rolled  con- 
leoscfH  because  the  paper  and  tin-foil  come  in  rolls,  or 
pools,  and  may  be  set  up  in  a  winding  machine.  W.  A. 
Tttylor  gives,  .in  the  Electrical  Review,  the  following 
iescripiion  of  the  construction  of  rolled  condensers:  In 
Hg.  6  la),  a  represents  a  flat  mandrel  arranged  to  be  turned 

'  means  of  a  crank  and  on   which   the  paper  and  tin-foil 
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are  wound,  b  and  c  are  rolls  of  paper;  d,  a  spool  of  tin-foil; 
e  and  /,  paper;  and  g^  tin-foil.  In  starting:,  three  or  four 
turns  of  paper  from  b  and  c  are  wound  around  the  mandrel. 
A  piece  of  very  thin  sheet  brass  is  then  wound  with  several 
turns  of  the  tin-foil  from  d.  The  brass  is  for  a  terminal 
connection,  and  its  shape  is  shown  in  Figf.  5  (b).  The  little 
lug  fu  extends  out  of  the  body  of  the  condenser  to  form  one 
terminal.  The  brass  piece  wrapped  in  the  tin-foil  is  then 
laid  on  the  mandrel  and  a  turn  is  taken.  Paper  from  spools 
e  and  /  is  then  wound  once  or  twice  around  the  mandrel 
when  the  tin-foil  from  spool  g  is  started.  The  paper  from 
spools  e  and  /  and  the  tin-foil  from  g  are  passed  over  the 
guide  spool  h  for  convenience  in  winding.  As  many  turns 
as  necessary  are  then  taken.     The  tin-foil  must  be  watched 


(a) 


(b) 


Pio.  5 


closely  to  see  if  it  becomes  torn  or  runs  out  of  line;  it  should 
be  about  1  inch  narrower  than  the  paper,  leaving  i  inch  of 
paper  overlapping  the  foil  at  each  edge  to  prevent  short 
circuits.  When  the  winding  is  finished,  the  tin-foil  from  d  is 
cut  first,  then  the  paper  from  b  and  c  is  cut  about  3  or  4 
inches  longer.  The  other  sheet  of  tin-foil  is  then  cut  about 
18  inches  shorter  than  the  remaining  sheets  of  paper  and 
another  sheet  of  brass  is  wrapped  into  it  for  a  terminal, 
and  there  should  be  several  turns  of  paper  over  the  whole. 
Two  sheets  of  paper  are  used  between  each  sheet  of  tin-foil, 
because  one  sheet  would  be  likely  to  have  very  small  holes, 
called  pi7i  holes,  in  it,  which  might  cause  a  short  circuit. 
Small  particles  of  metal  are  also  embedded  in  the  paper  now 
and  then,  w^hich  would  cause  trouble.  It  is  very  unlikely 
that  bad  places  in  two  sheets  of  paper  will  coincide. 
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A  common  width  for  the  paper  is  S  inches  and  the  tin-foil 

f   inches.     The   thickness   of   the   paper   is   usually   about 

.0008  inch,  while  the  tin-foil  is  of  various  thicknesses  from 

.0003  inch  to  .0015  ini:h.     It  is  usual  to  call  all  foils  used  for 

"  this  parpose  by  the  name,  lin-foil.  althoueh  a  great  deal  o(  it 

is  not  by  any  means  tin.     Usually  the  thicker  foil  is  mostly 

lead,  with  just  eoough  tin  in  it  to  make  it  roll  well.     The 

lead-foil  cannot  be  successfully  rolled  under  .0008  inch,  as 

L  under  that  thickness  it  becomes  too  flimsy  to  handle  without 

I  tearing.     It  is  easier  to  handle  tin-foil  at  .0003  inch  than  the 

I   lead  at  .0008  inch.     The  lead  is,  of  course,  much  cheaper  by 

weight  than  the  tin,  but  tin  is  lighter  and  a  pound  covers 

a  much  greater  surface;  consequently,  it  is  found  to  be  much 

cheaper  to  use,  as  it  is  only  the  surface  that  counts. 

With  the  above  size  of  tin-foil  and  thickness  of  paper,  fifty- 
I  six  turns  make  a  condenser  of  approximately  2  microfarads 
I   capacity,    provided    that    the   condenser   is   treated   in   the 
following  manner: 

After  the  condenser  is  wound  it  is  removed  from  the  man- 
drel and  placed  in  an  oven,  where  it  is  heated  for  a  number  of 
hours  until  it  is  as  dry  as  possible.     Then  it  is  removed  and 
placed  in  a  bath  of  hot  paraffin.     This  paraffin  is  heated  to  a 
temperature  close  to  300°F.    This  heat  is  sufGcient  to  evapo- 
I  rate  all  the  moisture  that  may  still  remain  in  the  condenser. 
■  The  condenser  remains  in  the  paraffin  until  bubbles  no  longer 
I  arise  from  it,  when  it  is  removed  to  a  press  and  all  the  surplus 
(paraffin  squeezed  out.     The  condenser  remains  in  the  press 
Itintil  cold,  when  it  is  removed  and  is  ready  for  its  case. 

Such  a  condenser  should  have  an  insulation  resistance  of 

I  not  less  than  1-50  megohms,  and  may  run  very  much  higher. 

I  Many  will  teat  as  high  as  2,500  megohms.     The  condenser. 

I  when  finished,  will  measure  about  8  inches  long  by  4  inches 

I  wide  and  j  inch  thick.     The  case  used  Is  generally  of  tinned 

I  sheet  iron  with  ihe  connections  brought  out  through  insulated 

I  bnshings  on  one  of  the  ends.     In  order  to  prevent  shaking 

about  in  Ihe  box,  parafKn  is  ppured  in  at  a  temperature  just 

warm  enough  to  pour.     If  this  paraffin  is  too  hot,  it  will  heai 

the  condenser  and  cause  it  to  open,  thus  reducing  its  capacity. 
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TESTING  CONDENSERS 

47.  Each  manufacturer  of  condensers,  according^  to 
Manson,  Libby,  and  Simpson,  in  the  American  Telephone 
Journal,  has  a  certain  schedule  of  tests  to  which  the  com- 
pleted condensers  are  subjected:  first,  a  direct-current  flash 
test  for  crosses  between  the  terminals,  and  between  the 
terminals  and  the  case;  second,  an  alternating-current  test 
for  strength  of  insulation,  sometimes  called  a  **breakdown" 
test;  third,  a  test  for  their  electrostatic  capacity :  fourth,  an  insu- 
lation-resista7ice  test.  The  tests  should  be  made  in  this  order 
as  the  first  two  tests  may  render  the  others  unnecessary. 

48.  The  direct-current  flash  test  is  usually  made  by 
connecting  a  bank  of  lamps,  consisting  of  several  in  parallel, 
in  series  with  the  condenser.     These  lamps  should  be  of  the 

T 
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same  voltage  as  the  mains  across  which  the  circuit  contain- 
ing the  condenser  and  lamps  is  to  be  connected.  Five- 
ampere  fuses  should  be  placed  in  each  side  of  the  circuit. 
The  lamps  and  fuses  will  prevent  any  serious  damage  in 
case  there  is  a  short  circuit  in  the  condenser.  If  a  testing 
circuit  is  connected  across  a  110-volt  circuit,  and  the  termi- 
nals  of  the  condenser  touched  with  the  testing  handles,  as 
shown  in  Fig.  6,  the  lighting  of  the  lamps  will  indicate  a 
cross.  The  same  test  applied  between  the  metal  case  and 
each  terminal  in  succession  will  show  whether  either  of  the 
plates  is  grounded  on  the  case. 

4d.     The  most  common  cause  of  a  short  circuit  is  due  to 
one  of  the  tin-foil  plates  coming  into  metallic  contact  witti 
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another.  This  can  sometimes  be  removed  by  mechanically 
jatring  llie  condensers.  If  this  fails,  the  flash  test  may 
remove  it,  due  to  the  fuel  that  considerable  current  flows 
through  the  short  circuit  and  burns  away  the  tin-toil  at  that 
point,  without  doing  any  appreciable  damage  to  the  con- 
denser, r(  the  short-circuited  condenser  is  connected  across 
a  direct -current  circuit,  a  flash  will  appear,  and,  after  the 
short  circuit  is  clear,  there  will  be  no  further  flash  on  con- 
necting the  condenser  a  second  time  across  the  circuit.  The 
flash  test  is  a  very  convenient  method  for  the  repairman  to 
clear  short -circuited  condensers. 

When  a  condenser  is  more  or  less  short-circuited  due  to  a 
puncture,  it  can  sometimes  be  repaired  by  healing  it  with  a 
blow  torch  until  the  paraffin  inside  becomes  warm  enough  to 
.flow  around  the  puncture,  and  thus  separate  the  two  sheets 
of  lin-foil  where  they  have  become  connected.  The  heat 
must  not  be  applied  In  one  place  only,  as  the  paraffin  may 
explode  if  it  becomes  too  hot. 

50.  The  nlternntliipf-current  test  consists  in  applying, 
]n  place  of  the  direct  current,  an  alternating  current  having 
8  frequency  of  about  sixty  cycles  and  an  electromotive  force 
of  220  to  400  volts.  If  this  pressure  is  applied  to  the  ter- 
minals of  the  condenser  for  about  a  minute,  any  weak  places 
in  the  insulation  that  are  liable  to  give  trouble  in  the  future, 
will  usually  be  broken  down  and  the  plaies  will  become  per- 
manently crossed.  If  a  condenser  breaks  down  and  a  low 
resistance  cross  results,  the  test  lamps  in  series  with  the  con- 
denser will  light  to  their  full  brilliancy.  If  the  condensers 
are  in  good  condition,  however,  220  volts  will  produce  less 
Ihan  ,15  ampere  through  a  2-microfarad  condenser,  which  is 
Bot  sufficient  tu  light  the  test  lamps.  In  case  of  a  breakdown 
ia  the  resistance,  the  impedance  of  the  condenser  is  reduced 
lo  zero,  and  220-voIt  lamps  will  light  to  their  full  brilliancy. 

51.  Capacity  Tests. — Probably  the  most  convenient 
commercial  method  for  the  comparison  of  the  capacities  of 
two  condensers  is  by' the  use  of  a  simple  slide-wire  bridge,  as 
shown  in  Fig.  7,  in  which  /^  is  a  buzzer  or  other  interrupting 
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device  and  /  a  repeating  or  induction  coil.  By  thus  apply- 
ing an  alternating  or  interrupted  current  between  the  point  e 
and  the  contact  d,  the  position  of  d  may  be  adjusted  until 
a  point  is  found  where  no  sound,  or  at  least  a  minimum 
sound,  is  produced  in  the  receiver  R,     When  this  point  has 

been  found,  we  have  the  proportion  bd:  da  =  -—  :—,   in 

which  bd  and  da  may  be  expressed  in  scale  divisions  of  a 
uniform  slide  wire;  C  and  C  represent  the  capacities  of  the 
condensers,  usually  in  microfarads.  Of  course,  bd  and  da 
may  be  the  resistances  of  two  arms  of  an  ordinary  Wheatstone 
bridge,  in  which  case  d  would  be  a  fixed  point,  and  the  resist- 
ances b  d  and  da  would  be  adjusted  to  give  a  balance.     It  will 


Fig.  7 

be  noticed  that  the  resistance  arms  of  the  bridge  are  propor- 
tional to  the  reciprocals  of  the  capacities  of  the  condensers, 
and  not  directly  proportional  to  the  capacities  of  the  con- 
densers. This  is  due  to  the  fact  that  the  greater  the  capacity 
of  the  condenser  the  less  is  its  impedance  to  an  alternating 
current  of  given  frequency.  In  practice,  it  is  frequently  con- 
venient to  calibrate  the  slide  wire,  so  that  it  will  read  directly 
in  microfarads.  Then,  all  condensers  measuring  below  a 
certain  acceptable  standard  are  rejected,  while  those  within 
a  reasonable  percentage  above  are  passed. 

52.     The    insulation    resistance  of  a  condenser   is 

usually  very  high.  Commercial  telephone  condensers  are 
made  with  insulation  resistances  from  I  to  50  megohms, 
according  to  the  use  to  which  the  condenser  is  to  be  put  and 
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the  place  allotted  to  it.  An  insulation  resistance  as  low  as 
3.5  megohms  will  not  cause  an  appreciable  loss  of  current, 
even  if  such  a  condenser  is  normally  connected  across  the 
line  circuit.  The  Wheatstone-bridge  method  may  be  used  for 
measuring  the  insulation  resistance  of  condensers  up  to  about 
10  megohms,  and  above  that  resistance,  one  of  the  more 
sensitive  methods  explained  in  Electrical  Measuretnaits  is 
required.  

CALLING   APPARATUS 


BATTERY  CAIiliS 

53.  So  far,  only  that  apparatus  used  in  the  actual  trans- 
mission of  speech  has  been  considered.  Although  the  tele- 
phone receiver  is  capable  of  making  a  howling  sound,  it  is 
customary  to  provide  some  other  apparatus  with  each  tele- 
phone for  sending  or  receiving  signals  capable  of  being  heard 
at  a  considerable  distance  from  the  instrument,  whereby  a 
party  with  whom  another  desires  to  converse  may  be  brought 
to  the  instrument.  Inasmuch  as  telephones  are  usually  sup- 
plied with  a  battery  for  operating  the  local  transmitter,  it 
would  appear  at  first  sight  most  advantageous  to  use  the 
energy  from  this  battery  for  operating  the  call-receiving 
instrument  at  the  opposite  end  of  the  line.  This  is,  in  fact, 
often  done  on  comparatively  short  lines,  but  this  method  of 
signaling  has  certain  limitations,  which  will  be  pointed  out 
later.  

VIBRATING    BELLS 

54.  Construction. — The  bell  used  for  battery-call  work 
is  usually  of  the  type  known  as  the  vibratinp:*  or  trem- 
bler, bell,  one  form  of  which  is  shown  in  Fig.  8.  The 
hammer  of  \h\s  bell  is  arranged  so  as  to  vibrate  rapidly  back 
and  forth  and  to  strike  the  gong  at  each  vibration,  thus  pro- 
ducing a  continuous  succession  of  sounds.  Z>,  /?'  are  two 
electromagnets  having  cores  /%  F^  of  soft  iron  secured  to 
a  soft-iron  yoke  piece  Y.    G  is  a  soft-iron  armature  mounted 
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by  means  of  a  flat  spring  S  secured  to  a  post  P,  so  as  to 
vibrate  freely  in  front  of  the  cores  F,  F'.  The  annattire 
carries  a  hammer,  as  shown,  adapted  to  strike  the  eong  a 
sharp  blow  when  the  armature  is  pulled  toward  the  magnet 
cores.  If  the  circuit  passed  directly  from  one  binding 
post  7"  through  the  coils  to  the  other  binding  post  T',  then 
closing  the  circuit  containing  a  suitable  battery  would  cause 
the  hammer  to  strike  the  gong  a  single  blow.  A  succession 
of  blows  might  be  produced  by 
rapidly  making  and  breaking  the 
circuit  at  the  point  from  which  the 
signal  was  being  sent;  but  this 
would  be  an  unsatisfactory  method. 
I  Therefore,  the  armature  of  the  bell 
is  so  arranged  as  to  make  and  break 
its  own  circuit  by  its  vibration.  In 
this  way,  a  rapid  and  continuous 
succession  of  strokes  is  produced 
as  long  as  the  terminals  of  the  bat- 
tery are  connected  to  the  two  bind- 
ing posts  T,  T.  To  bring  about 
this  result,  the  circuit  between  the 
binding  posts  of  the  bell  is  made  as 
follows:  From  the  binding  post  T, 
which  is  insulated  from  the  frame 
of  the  bell,  a  wire  leads  to  one  ter- 
minal of  the  coils  D,iy,  which  are 
connected  together  in  series.  A  wire 
leads  from  the  other  terminal  of  D'  to  the  metallic  post  N 
insulated  from  the  metal  framework  and  provided  with 
a  contact  screw  M.  While  the  armature  is  at  rest,  a  con- 
tact spring  X,  carried  by  the  armature,  rests  against  the 
contact  screw  M,  thus  carrying  the  circuit  to  the  arma- 
ture and  the  post  P.  This  post  P  is  connected  with 
the  frame  of  the  bell,  as  is  also  the  post  T',  so  that 
the  circuit  from  P  to  T'  is  completed  through  the  frame 
itself.  When  a  current  is  sent  through  the  coils,  the  arma- 
ture will  be  drawn  forwards,  thus  causing  the  hammer  to 
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rike  the  gong.     This  movement,  however,  will  break  the 

:uit  by  causing  the  spring  X  to  move  out  of  contact  with 

'Oie  screw  Af.     This  inlemipts  the  flow  of  current  through 

the  coils  and  allows  the  armature  to  spring  back,  it  being  no 

longer  attracted  by  the  magnet  cores.     In  doing  this,  contact 

[  is  again  made  between  the  spring  .V  and  the  screw  M,  thus 

I  completing  the  circuil,  and  again  energizing  the  magnets, 

1  Ihiis  producing  another  stroke  of  the  hammer.    This  process 

f  is  repeated  as  long  as  the  circuit  is  held  closed  at  the  sending 

I  station.     The  spring  ,V  is  provided  so  that  the  circuit  will 

I  Bol  be  broken  as  soon  as  the  armature  starts  to  move  toward 

I  the  cores.     Its  function  is  to  prolong  the  lime  during  which 

I  Ihe  circuit  is  closed,  so  as  to  allow  the  magnets  to  exert  a 

ml)  on  the  armature  until  the  hammer  is  almost  in  contact 

pith  the  bell. 

55.     Deelgrn. — These  bells  are  manufactured  in  almost 

mmberless  styles,  many  of  which  are  of  exceedingly  poor 

design  from  both  mechanical  and  electrical  standpoints,     A 

Kood  battery  bell  shoijld  be  so  well  constructed  that  none 

pf  its  parts  are  likely  to  work  loose  on  account  of  the  rapid 

Old  violent   vibration  of   the  hammer.     The    point  of    the 

vctvi  M  and  also  the  surface  on  the  spring  A'  should  be 

^tipped  with  platinum,  in  order  that  the  surface  of  the  con- 

[  tacts  may  be  kept  clean,  as  platinum  will  not  corrode  tmder 

ndinary   atmospheric    conditions,    and    is,    moreover,    not 

iFected  much  by  the  electric  spark,  which  is  sometimes  very 

iCavy  between  these  contacts.     Silver,  being  cheaper,  is  fre- 

[Dently  used  in  place  of  platinum,  and  is  superior  to  copper, 

iss.  or  iron.     The  screw  M  should   be    provided  with  a 

tclmiit.  or  with  some  other  means  of  locking  it  securely  in 

^y  position  to  which  it  has  been  adjusted.     If  this  is  not 

,  the  vibration  of  Ihe  armature  will  cause  the  screw  to 

ivdtutlly  work  back,  until  finally  it  reaches  a  point  where 

be  apring  A'will  not  make  contact  with  it.     This  locking  is 

nroetimes  accomplished  by  sphtling  the  post  N.  so  that  the 

Tffw  threads  in  the  two  halves  exert  a  combined  action  on 

he  screw,  due  to  the  elasticity  of  the  parts  of  the  post. 
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56.  Prevention  of  Sticking^. — Means  must  be  pro- 
vided for  preventing  the  armature  from  coming  in  actual 
contact  with  the  poles  of  the  electromagnet,  as  the  residual 
magnetism  would  cause  it  to  stick  and  not  allow  the  spring  5 
to  move  it  back  at  once  or  at  all.  This  may  be  done  in  a 
number  of  ways,  one  of  which  is  to  secure  a  thin  strip  of 
copper  to  the  surface  of  the  armature  that  would  come  in 
contact  with  the  poles.  Another  way  is  to  insert  a  small 
pin  of  brass  or  copper  in  the  ends  of  the  poles  in  such 
manner  that  they  project  slightly  beyond  the  pole  surfaces. 
Either  of  these  methods  should  prevent  actual  contact 
between  the  iron  surfaces,  and  therefore  eliminate  the  tend- 
ency to  stick.  This  tendency  is  particularly  great  where 
the  magnets  and  armature  are  not  of  the  best  quality  of  soft 
annealed  iron,  because  the  harder  iron  retains  its  residual 
magnetism  with  more  tenacity.  In  a  first-class  bell,  these 
parts  are  made  of  the  softest  grade  of  wrought  iron,  so 
as  to  be  more  readily  demagnetized  when  jarred  by  the 
striking  of  the  armature  against  the  cores. 

57.  Acljustment. — The  adjustment  of  battery  bells  is  a 
very  simple  matter,  and  usually  the  turning  of  the  screw  M 
until  it  occupies  the  desired  position  is  all  that  is  required. 
The  best  position  may  be  determined  by  gradually  turning 
it,  while  the  circuit  is  closed,  until  the  hammer  vibrates  in 
such  a  manner  as  to  produce  a  succession  of  hard  sharp 
blows  against  the  gong.  If  the  screw  M  is  too  far  back,  the 
circuit  will  be  opened  before  the  armature  has  acquired 
sufficient  momentum  to  carry  the  hammer  forwards  to  the 
gong,  or  it  may  be  so  far  back  as  not  to  allow  the  circuit  to 
be  completed  at  all.  On  the  other  hand,  if  the  screw  is  too 
far  forwards,  the  spring  A' will  not  be  pulled  away,  and  the 
circuit  will  not  be  broken  at  all,  or  else  the  break  will  occupy 
such  a  short  space  of  time  that  the  hammer  will  not  be 
allowed  to  recede  far  enough  to  strike  a  proper  blow  on  the 
gong.  If  the  adjustment  by  means  of  the  screw  J/ does  not 
produce  the  desired  results,  it  may  be  that  the  armature  G 
does  not  occupy  a  proper  position  with  respect  to  the  poles 
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of  the  magnet.  When  the  hammer  rests  against  the  gong, 
the  distance  between  the  armature  and  each  of  the  pole 
pieces  should  be  approximately  the  same.  This  adjustment 
may,  as  a  rule,  be  made  by  bending  the  spring  5  slightly,  or 
by  shifting  the  positions  of  the  magnets  themselves. 

58.  Sometimes  the  surface  of  the  gong  against  which 
the  hammer  strikes  does  not  occupy  such  a  position  as  to 
allow  the  hammer  to  strike  it  at  the  proper  moment.  If  the 
gong  in. Fig.  8  is  too  far  to  the  right,  the  hammer  will  strike 
before  the  armature  has  moved  far  enough  toward  the  pole 
pieces  to  allow  them  to  attain  their  maximum  pull.  If  the 
gong  is  too  far  to  the  left,  the  armature  will  strike  the  pole 
pieces  before  the  hammer  strikes  the  gong;  in  either  case  a 
loss  of  efficiency  will   result.     This  may  be  remedied   by 
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bending  the  rod  on  which  the  bammer  is  mounted,  but  in 
many  cases  a  better  way  is  to  turn  or  move  the  gong  itself  on 
its  standard.  They  are  usually  somewhat  eccentric,  due  to 
imperfections  in  their  manufacture,  and  therefore  by  turning 
them,  the  surface  against  which  the  hammer  strikes  may  be 
brought  into  the  correct  position. 

59.  Fig.  9  shows  such  a  bell  connected  in  circuit  with 
a  battery  and  push  button.  By  pushing  the  button,  the  cir- 
cuit is  closed  at  c,  thus  allowing  the  action  already  described 
to  take  place.  This  circuit  is  such  as  would  be  used  for  an 
ordinary  push-button  call  for  almost  any  purpose.  In  order 
to  prevent  the  running  of  separate  wires  for  the  telephone 
circuit  and  for  the  calling  circuit,  special  arrangements  of 
circuits  are  made,  which  will  be  described  in  their  proper 
place. 
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60.  Loud  Rlngring:  Battery  Bell. — A  loud  ringing  bell 
made  by  the  Holtzer-Cabot  Electric  Company,  and  suitable 
for  extension  bells,  and  fire  and  burglar  alarms  is  shown  in 
Fig.  10.  It  is  operated  by  a  local  battery  in  about  the  same 
manner  as  any  battery  bell  except  that  another  electromagnet 
is  used  in  place  of  a  retracting  spring.  It  is  called  a 
bi-g^ong:  l>ell  because  it  has  two  gongs,  whereas  most 
battery  bells  have  only  one  gong.  There  are  two  electro- 
magnets, the  circuits  through  which  are  controlled  by  insu- 
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Fig.  10 

lated  contacts  on  the  armature.  The  circuit  is  maintained 
through  one  magnet  until  the  armature  approaches  to  within 
-sV  inch  of  its  pole  piece,  when  it  is  reestablished  through  the 
other  magnet.  The  momentum  of  the  heavy  hammer  causes 
it  to  complete  its  swing  and  hit  one  gong;  the  rebound  of 
the  hammer  and  the  pull  on  the  armature  in  the  opposite 
direction  cause  it  to  strike  the  other  gong.  The  contacts 
are  platinum  and  the  operating  mechanism  is  enclosed  in 
a  weather-proof  case,  except  for  an  opening  of  less  than 
ToTT  inch  to  allow  for  the  movement  of  the  hammer  rod. 
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LIMITATIONS    OF    THE    BATTERY    CALL. 

61.  Except  for  very  short  lines,  the  system  of  calling  by 
means  of  a  vibrating  bell — using  the  transmitter  battery  for 
producing  the  necessary  current — has  proved  a  failure.  The 
vibrating  bell  is  not  a  very  sensitive  instrument,  and  for 
operation  over  long  lines,  a  considerable  amount  of  battery 
power  is  required;  it  has  therefore  been  found  impracticable 
to  successfully  operate  them  without  the  use  of  a  far  greater 
number  of  cells  than  would  be  required  for  the  mere  opera- 
tion of  the  transmitter.  Moreover,  the  batteries  are  subject 
to  a  somewhat  severe  use  in  supplying  current  to  the  trans- 
mitters, because  the  transmitter  circuit  is  usually  of  very  low 
resistance,  and  may  be  left  closed  for  a  considerable  time 
and  at  frequent  intervals.  Several  attempts  have  been  made 
to  successfully  operate  bells  by  means  of  a  current  induced 
in  the  secondary  winding  of  an  induction  coil,  by  rapidly 
making  and  breaking  the  primary  circuit  in  which  was  con- 
nected the  transmitter  battery.  By  this  means  almost  any 
desired  voltage  may  be  obtained;  but  the  current  is  corre- 
spondingly reduced,  and  to  such  an  extent  as  not  to  be  able 
to  produce  the  desired  effect  on  the  bells. 

62.  Battery   Call   In   Telephone   Exehangres. — The 

remarks  in  the  preceding  articles  concerning  the  poor  work- 
ing of  the  battery  bell  in  telephone  work  does  not  apply  to 
all  means  of  calling  using  battery  current.  In  some  of  the 
most  improved  telephone  exchanges,  the  signal  from  the 
subscriber  to  the  central  office  is  given  by  means  of  current 
derived  from  a  battery,  and  systems  based  on  this  plan  of 
operation  are  proving  so  successful  that  there  is  a  probability 
of  their  almost  universal  adoption.  In  these,  however,  the 
signaling  is  not  done  by  means  of  a  bell,  but  by  means  of  a 
sensitive  relay,  and  the  battery,  instead  of  being  located  at 
the  subscriber's  station,  is  usually  placed  at  the  central  office. 
Primary  batteries  are  also  used  for  signaling  purposes  in 
house  and  small  hotel  systems. 


MAGNETO-GENERATORS 

AND  BELLS 


MAGNETO  CALLING  APPARATUS 

1.  The  deficiencies  in  the  system  of  calling  by  means  of 
the  battery  bell  were  recognized  at  a  very  early  date  in  the 
art  of  telephony,  and  as  a  remedy,  the  inag^neto-generator 
and  polarized  call  bell  were  produced.  The  magneto- 
generator  is,  in  fact,  a  very  simple  form  of  dynamo,  capable 
of  generating  an  alternating  current  of  a  moderately  high 
voltage  and  with  a  sufficiently  large  current  to  accomplish 
the  desired  results.  The  polarized  call  bell,  or  ringer,  as 
it  is  now  commonly  termed,  in  order  to  respond  to  these 
currents,  is  made  of  a  peculiar  construction,  and  requires 
very  much  less  current  than  an  ordinary  battery  bell.  The 
magneto-generator  and  polarized  bell  are  usually  mounted  in 
a  single  box,  and  have  always  been  so  closely  associated  with 
each  other  that  it  is  customary  to  speak  of  the  two,  when 
mounted  together,  as  a  magneto-bell,  or,  more  commonly, 
as  a  magneto. 

There  are  two  kinds  of  generators  in  use — the  series  and  the 
bridging.  These  generators  differ  only  in  the  quantity  of 
current  produced.  

THEORY  OF  THE  MAGNETO-GENERATOR 

2.  LiavF  of  Electromagnetic  Induction. — The  action 
of  the  magneto-generator  depends  directly  on  a  law  of  elec- 
tromagnetic induction.  One  way  of  stating  this  law  is,  that 
if  the  number  of  lines  of  force  passing  through  a  coil  of  wire 
is  varied,  an  electromotive  force  will  be  set  up  in  the  coil, 
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the  intensity  of  which  will  depend  on  the  rate  at  which  the 
lines  are  varied,  and  the  direction  of  which  will  depend  on 
the  direction  of  the  lines  and  whether  their  number  is  being 
increased  or  diminished.  One  way  of  varying  the  number 
of  lines  through  a  coil  is  to  pass  a  variable  current  through 
another  coil  wound  on  the  same  core,  as  in  an  ordinary  induc- 
tion coil.  Any  changes  in  the  strength  of  the  current  in  the  - 
primary,  cause  corresponding  changes  in  the  strength  of  the 
magnetic  field,  which,  by  the  law  just  stated,  produce  elec- 
tromotive forces  in 
the  secondary  coil. 
Another  way  of 
changing  the  number 
of  lines  of  force  pass- 
ing through  a  coil  is 
to  move  an  electro- 
magnet or  a  perma- 
nent magnet  in  the 
vicinity  of  the  coil- 
Still  another  way  is 
to  move  the  coil  with 
respect  to  the  mag- 
net; and  it  is  by  this 
method  that  the  mag- 
neto-generator  is 
""■'  made    to    produce 

electromotive   forces,   and,   therefore,  when    the   circuit  is 
closed,  corresponding  currents. 


3.  Induction  In  Revolving  Loop. — In  Fig.  1  is  shown 
a  closed  loop  of  wire  that  may  be  revolved  about  a  horizon- 
tal axis  XX  within  the  field  of  a  set  of  three  permanent  mag- 
nets A^,  5.  The  lines  of  force  are  indicated  by  the  horizontal 
arrows,  their  direction  being  from  the  north  pole  to  the  south 
pole  according  to  the  usual  conception  of  their  flow.  The 
rotation  of  the  loop  about  the  axis  xx  in  the  direction  of  the 
curved  arrow  may  be  given  by  any  suitable  means. 

When  the  loop  is  in  its  horizontal  position,  it  will  lie  in  a 
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tplan«  parallel  to  the  lines  of  force,  and  therefore  will  include 
Itaone  of  the  lines.  As  it  is  turned  into  the  position  shown 
by  the  full  lines,  it  will  include  more  and  more  of  the  lines 
pi  force,  and  therefore  will  have  an  electromotive  force  and 
I  corresponding  current  set  up  in  it  in  the  direction  of  the 
;  a,  a.  When  the  coil  reaches  its  vertical  position,  it  will 
include  all  the  lines  of  force,  and  from  that  point  on,  the 
bamber  of  lines  through  the  coil  will  be  in  the  same  direc- 
^OD,  but  will  be  decreasing.  Therefore,  the  direction  of  the 
rurrcnl  tnrough  the  coil  will  change  after  passing  ^e  vertical 
Kisition,  and  the  flow  of  current  will  then  be  indicated  by  the 
Klirection  of  the  arrows  6,  b. 

4.     If  the  coil  is  revolving  at  a  constant  speed,  the  rate 

tef  change  of  the  lines  of  force  through  the  coil  will  be  very 

■low  as  it  approaches  and  recedes  from  its  vertical  position, 

icing  zero  when  the  plane  of  the  coil  is  at  right  angles  to  the 

direction  of  the  lines  of  force,  and   therefore  the  "induced 

electromotive  force  is  here  zero.     As  the  coil  approaches  its 

piorisontal  position,  the  rate  at  which  the  number  of  lines 

lUgh  it  is  changing  will  increase,  and  the  electromotive 

borce  will  therefore  correspondingly  increase,  although  the 

lactual  number  is  more  and  more  rapidly  being  reduced  to 

■xero.     When   the   coil   reaches  its  horizontal  position,   the 

(electromotive  force  tn  it  will  be  a  maximum  because  the  rate 

t  of  change  of  the  lines  of  force  is  a  maximum,  although  the 

number  threading  through  the  coil  is  zero.     At  that  point, 

the  number  of  lines  passing  through  the  coil  again  begins  to 

increase;  Ihis  would  produce  a  change  in  the  direction  of  the 

■electromotive  force  were  it  not  for  the  fact  that  the  direction 

[of  the  lines  through  the  coil  relative  to  the  plane  of  the  coil 

*l80  changes.     The  electromotive   force    is  therefore   at   a 

tinaximum  at  the  horizontal  position  of  the  coil,  because  the 

Irate  of  change  of  the  lines  through  the  coil  at  that  point  is  a 

I  maximum.    As  the  coil  again  approaches  its  vertical  position, 

Ithe  rate  of  change  becomes  less  and  less,  and  as  it  reaches 

llliai  position,  no  change  lakes  place,  and  the  electromotive 

I  force  therefore  becomes  zero.     From  this  point  on  to  the 
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aUtrtiog  point,  the  nnmber  of  Unn  decreases.  tb«refo», 
aeatn  prodoctoBf  an  electromotivs  force  ia  the  oppotlie 
direction,  which  becomea  a  mohBom  as  the  horisootal  poih 
tion  is  reached. 

5.     <]rapblc  UepresenlatlOB  oT  Generator  Cumnt 

The  flow  of  the  current  to  and  fro  in  the  coil  majr  be  repte- 
sented   by  a  sine  carve,  sach  as  is  ahonn  ia    Fig.  2,  the 
<liMtances  above  or  below  the  hwiaontal  axis  beios  made 
]>r(ii)c)rtional  to  the  instantaneotu  rakes  of  the  cnrrent  or 
(lie  electromotive  force,  whidierer  the  curve-  b  cottsideied 
to  rviirusent.    Assamine  the  cnm  in  Pic.  2  to  be  an  clw^ 
iniiiKitivc-force  curve,  the  points  on  it  correspooda  to 
the  vertical  position  of  the  loop  in  Pig.  1.     At  this  pbiol! 
nil  eleelromotive  force  is  set  ap  in  the  loop,  and  therefore  ' 
ilic  point  .'/  is  on  the  horiEontal  axis  of  the  curve.     As 
Inii])  rotates  on   its  axis,  the  electromotiTe  hMoe 
in<'re;tses  until  it  lies  in  a  horizontal  plane,  wbere  the  dee* 
iroiHotivc  force  is  a  maximum  because  the  lines  of  force  an 
then  beinsT  cat  by  the  loop 
at  a  mazimnm  rate.    This 
condition    is    represented 
by  the  point  Boa  the  cnm 
where  the  ordinate  repie- 
sentine  the  electromotive 
forceisamaximnm.  Prom 
the  horiEontal  position  of 
the  loop  in  Pig.  1,  the  elec- 
truimnive  force  remains  in  the  same  direction,  bat  decreases 
inilil   the  eoil  iiKiiiii   reaches   a   vertical  position,   when  it 
lieconies  zero;    this  is  represented  by  the  point  C  «n  die 
(uirve.     At    this   point,   the   direction   of  the  electromotlTe 
force  cliangcs  and  the  curve  passes  below  the  horizontal  line, 
and   during   the    next   half   revolution   of   the   loop,   while 
approaching  the  second  horizontal  position,  the  changes  are 
of  the  same  nature,  but  in  an  opposite  direction,  the  electro- 
motive force  reaching  a  maximum  in  this  direction  at  the 
point  D  corresponding  to  the  second  horixontal  position  of 
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the  loop,  and  again  decreasing:  to  zero,  as  shown  at  E,  when 
the  loop  is  at  the  same  vertical  position  from  which  it 
started.  A  complete  revolution  of  the  coil,  therefore,  pro- 
daces  one  complete  cycle  of  changes  in  the  electromotive 
force  and  in  the  current,  as  represented  by  the  curve 
ABCDE, 

6.  Construction  of  Armature. — Instead  of  having  but 
a  single  turn  of  wire,  as  in  the  loop  shown  in  Fig.  1,  a  coil 
consisting  of  a  great  number  of  turns  is  used  in  practice,  so 
that  the  electromotive  force  generated  in  each  turn  may  be 
added  to  that' of  all  the  others.  Furthermore,  in  order  that 
the  greatest  possible  number  of  lines  of  force  may  flow 
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Pig.  3 

between  the  magnet  poles  and  through  the  coil,  the  coil  is 
wound  on  a  core  of  soft  iron  adapted  to  fit  closely  between 
curved  polar  extensions  or  pole  pieces  of  iron  secured  to  the 
poles  of  the  permanent  magnets.  Such  a  construction  is 
shown  diagrammatically  in  the  left-hand  portion  of  Fig.  3. 
In  this,  A  represents  the  armature  core  of  iron  adapted  to 
rotate  within  the  space  formed  by  the  iron  pole  pieces  P,  P, 
secured  to  the  poles  of  the  permanent  magnet  N S.  Around 
the  shank  of  the  armature  core,  in  a  longitudinal  groove 
provided  for  the  purpose,  the  coil  of  insulated  wire  is  wound. 
This  coil  entirely  fills  the  space  provided  by  this  groove, 


6  MAGNETO-GENERATORS  AND  BELLS         §6 

although  it  is*  represented  in  this  figure,  for  the   sake  of 
clearness,  as  consisting  only  of  four  turns. 

7.  Generator  Shunts. — It  is  found  desirable,  for  rea- 
sons that  will  be  made  clearer  later,  to  provide  a  path  of  low 
resistance  around  the  armature  coil  at  all  times  when  the 
generator  is  not  in  actual  use.  The  simplest  way  of  accom- 
plishing this  is  by  means  of  a  push  button  that  normally 
maintains  a  closed  circuit  between  the  two  terminals  leading 
from  the  generator.  If  the  generator  is  operated  without 
pressing  the  push  button,  the  current  from  the  armature 
flows  through  the  short  circuit  between  the  two  ter- 
minals and  does  not  pass  through  the  external  circuit  at  all. 
In  order  to  provide  against  this,  the  push  button  must  be 
pressed  while  the  generator  is  operated,  so  as  to  remove 
the  presence  of  the  short  circuit.  There  are  several  reasons 
why  it  is  desirable  to  have  this  shunt  around  the  armature. 
It  may  save  the  armature  coil  from  being  burned  out  by 
heavy  currents  that  come  in  over  the  line,  due  to  lightning  or 
other  causes.  However,  the  chief  reason  for  its  use  is  to 
provide  a  path  of  low  resistance  around  the  armature  when 
the  generator  is  not  being  used. 

The  opening  of  the  shunt,  which  is  necessary  while  the 
generator  is  being  used,  may  be  accomplished  by  a  push 
button  as  explained  above,  but  it  is  a  decided  disadvantage 
to  add  to  the  number  of  operations  that  the  user  of  a  tele- 
phone must  voluntarily  perform,  and  therefore  it  is  far 
better  to  provide  some  means  whereby  the  shunt  will  be 
broken  automatically  by  the  turning  of  the  crank.  This  is 
accomplished  in  a  variety  of  ways,  and  a  different  kind  of 
shunt  is  usually  provided  with  each  commercial  type  of 
generator.  These  will  be  described  in  connection  with  the 
generators  to  which  they  belong.  Shunts  used  with  series 
generators  operate  to  accomplish  substantially  the  same  elec- 
trical results  as  the  push  button  explained  above.  Bridging 
generators,  for  reasons  that  will  be  explained,  are  provided 
with  similar  automatic  devices,  but  they  are  arranged  to 
open  the  armature  circuit  instead  of  short-circuiting  it. 
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THEORY  OF  THK  POI^ARIZED  BELT. 

8.  Coil  stru  ft  toil . — The  polarized  bell,  or  ringer,  is  a 
device  adapted  to  respond  to  the  alternate  currents  produced 
by  a  magneto-generator.  It  is  shown  tn  diagram  in  the 
right-hand  portion  of  Fig,  3,  in  which  e  and  /  are  soft-iron 
ctires  connected  by  a  yoke  piece  y  of  similar  material. 
Around  these  cores  are  wrapped  coils  of  insulated  wire  in 
opposite  directions,  as  shown.  The  armature  a  is  also  of  soft 
iron,  and  is  pivoted  at  its  center  so  that  its  ends  may  be 

iltraclcd  or  repelled  by  changes  in  the  magnetism  of  the 
(ores  e,  t.  This  armature  carries  a  hammer  adapted  to 
.trike  alternately  against  two  small  gongs  as  it  vibrates  to 
ind  fro.  N'  S'  is  a  permanent  magnet  so  placed  as  to  mag- 
netically influence  the  cores  e.  /"and  the  armature  a.  Thus,  the 
middle  of  the  armature  a,  being  near  the  pole  N'  of  the 
permanent  magnet,  will  have  south  polarity  and  its  ends 
north  polarity;  while  the  upper  ends  of  the  cores  e,  I  will  be 
of  the  opposite  polarity,  by  virtue  of  the  lines  of  force  from 
Ihe  south  iK)le  S  passing  through  the  yoke  y  to  them.  We 
may  thus  consider  that,  normally,  the  upper  extremities  of  the 
cores  t,  t  are  south  poles,  while  both  ends  of  the  armature  a 
re  north  poles.  Under  normal  conditions,  therefore,  one 
■od  or  the  other  of  the  armature  a  will  be  held  in  contact 
rith  one  or  the  other  of  the  poles  e,  f,  according  to  which 
IOC  happens  to  be  the  nearer. 

9.  Action   ot  Currents   In  Either  Direction. — If  a 

urrent  in  one  direction  passes  through  the  circuit  of  the  coils, 
t  will  affect  the  cores  e.  I  in  opposite  manners;  that  is  if  it  is 
if  .Huch  a  direction  as  to  tend  to  make  the  upper  end  of  the 
ore  /  a  north  pole,  it  will  tend  to  make  the  upper  end  of  the 
«re  e  a  south  pole — this,  by  virtue  of  the  fact  that  the  cur- 
cnt  passes  around  the  two  cores  in  opposite  directions. 
i  the  current  is  in  the  reverse  direction,  it  will  tend  to  make 
the  upper  end  of  the  core  /  of  negative  or  south  polarity 
and  the  upper  pole  of  €  of  positive  or  north  polarity.  Inas- 
tnach  as  the  upper  ends  of  the  cores  ^, /are  both  normally 
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negatively  polarized,  a  current  in  the  former  direction  will 
tend  to  strengthen  the  pole  e  by  adding  to  its  negative 
polarity,  while  it  will  correspondingly  weaken  or  reverse  the 
pole  /  by  neutralizing  more  or  less  of  its  negative  polarity, 
because  the  current  tends  to  make  it  positive.  This  will 
cause  the  end  a  of  the  armature  to  be  attracted  by  the  pole  e 
with  greater  intensity  than  the  other  end  is  attracted  by  the 
core  /,  and  will,  therefore,  cause  the  hammer  to  strike  the 
right-hand  gong.  The  current  in  the  opposite  direction  will 
strengthen  the  pole  /  by  adding  to  its  negative  polarity,  and 
will  weaken  the  pole  e  by  neutralizing  its  polarity  by  the  posi- 
tive polarity  set  up  by  the  current.  The  armature  will  there- 
fore be  attracted  by  the  core  /,  and  the  hammer  will  strike 
the  left-hand  gong. 

10.  Action  of  Alternating:  Currents. — Since  the  cur- 
rents generated  by  the  magneto-generator  are  alternating  in 
character,  flowing  first  in  one  direction  and  then  in  the  other, 
it  is  obvious  that  a  positive  impulse  of  current  from  the  gen- 
erator will,  in  flowing  through  the  coils  of  the  polarized  bell, 
cause  its  armature  to  move  in  one  direction,  while  a  nega- 
tive impulse  of  current  will  cause  the  armature  to  move  in 
the  opposite  direction.  Inasmuch  as  positive  and  negative 
impulses  follow  each  other  in  rapid  succession,  the  armature 
of  the  bell  is  caused  to  vibrate  in  unison  with  them,  thus 
producing  the  well-known  sound  of  the  telephone  bell. 
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DETAILS    OF    GENERATOR    CONSTRUCTION 

11.  Magnets. — The  size  of  bar  used  for  making  perma- 
nent magnets  varies  with  different  makes  of  magneto,  but 
probably  the  following  are  the  most  common  dimensions: 
I  by  i,  8  by  la,  and  i  by  If  inches.  The  J  by  \\  inches  is  used 
the  most.  It  is  the  general  practice  to  make  the  magnets  about 
5  inches  high;  anything  shorter  is  bad  practice.  Even  with 
the  above  height,  a  strong  current  is  likely  to  demagnetize 
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Uie  generator.     The  greater  the  output,  in  ampere-tums,  the 

frcatcr  is  the  clanger  of  demagnetiKation,  and  especially  so 

t  the  machine  is  a  power-driven  generator,  which  is  apt  to 

'  have   short  circuits  and  other  heavy  loads   thrown  on   it. 

CSome  claim  Ihat  the  magnet  should  be  three  times  as  high 

s  it  is  wide  between  poles. 

The  steel  for  this  purpose  is  subject  to  the  same  require- 

tnents  as  that  for  permanent  magnets  of  receivers;  but  inas- 
Vsnach  as  the  cross-section  of  a  bar  is,  in  the  case  of  generators, 
I  considerably  larger,  a  somewhat  higher  carbon  steel  is  fre- 
Iqucntly  necessary.  This  is  so  because  the  larger  cross- 
'  section  of  tlie  bar  will  not  allow  it  to  cool  so  quickly,  and 

therefore,  if  a  very  low  carbon  steel  were  chosen,  it  would 
I  not  attain  sufficient  hardness  for  proper  magnetization.  The 
'  steel  used  by  some  manufacturers  is  of  such  a  quality  as  to 
I  allow  it  to  be  bent  while  cold  in  a  suitable  forming  machine; 


and  where  this  is  the  case,  it  is  not  only  cheaper,  but  better 
lo  do  so,  as  an  additional  heating  of  the  steel  is  thereby 
saved.  If  arrangements  are  convenient,  some  claim  that  it 
is  better  to  bend  the  magnets  while  hot  and  chill  them  in 
I  one  heat,  and  thus  save  a  large  amount  of  power  and  also 
expense  for  a  heavy  bending  press. 

12.  Tempprln^. — The  manner  of  holding  ihe  bar  to  be 
tempered  is  shown  in  Fig.  4.  .-^  is  a  block  placed  between 
Ihe  limbs  of  the  horseshoe  after  it  is  heated  to  a  cherry  red 
,  tor  tempering,  and  against  which  the  limbs  are  clamped  by 
I  Ihe  jaws  of  the  tongs  ff  used  for  holding  the  bar  to  be 
[  lempcred.  The  object  of  the  block  is  to  insure  the  setting 
I  of  the  steel  in  the  proper  form,  as,  without  its  use.  the  inside 
I  distance  between  the  limbs  would  be  either  too  great  or  too 
I  small  after  the  bar  was  cold. 
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In  order  that  the  cold  water  into  which  the  bar  is  dipped 
may  get  at  as  much  of  the  surface  of  the  bar  as  possible,  the 
block  A^  which  is  shown  in  detail  in  Fig.  5,  is  of  skeleton 
form,  being  built  up  of  two  steel  side  pieces  a,  a,  held  apart 
by  shouldered  rods  b,  b.  The  side  pieces  a,  a  are  drilled  full 
of  holes  and  made  as  thin  as  possible,  in  order  to  allow  the 
water  to  come  in  contact  with  the  steel  as  much  as  possible. 
For  the  same  purpose,  the  jaws  of  the  tongs  are  corrugated  in 
such  a  manner  that  the  actual  contact  between  them  and  the 

surface  of  the  steel  is  very  small.  It 
is  highly  essential  that  the  water  shall 
be  cold,  and  therefore  it  is  necessary, 
where  a  large  number  of  pieces  are  to 
be  tempered,  that  it  be  constantly 
changing,  as  otherwise  the  repeated 
immersion  of  the  hot  bars  would 
cause  it  to  become  too  warm  for 
efficient   service. 
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13.  Inasmuch  as  any  mechanical 
shock  tends  to  lessen  the  permanent 
magnetism  of  a  bar  of  steel,  it  is 
highly  important  that  no  such  opera- 
tions as  grinding  on  an  emery  wheel 
be  performed  on  the  bar  after  it  is 
magnetized.  It  not  infrequently 
happens  that  the  magnetization  is 
seriously  impaired  by  makers  grind- 
ing the  surfaces  of  their  magnets  for  the  purposes  of 
nickel  plating,  or  for  other  reasons,  after  they  have  been 
magnetized.  All  such  operations,  as  grinding,  buffing, 
and  nickel  or  copper  plating,  if  performed  at  all,  should 
be  done  before  the  bars  are  magnetized.  After  magnetiza- 
tion, a  keeper  should  be  kept  on  all  magnets  until  they  are 
ready  to  be  put  on  the  generator.  Or  they  may  be  placed 
upright  on  an  iron  plate  or  in  pairs  with  the  north  pole 
of  one  against  the  south  pole  of  the  other,  and  kept  that 
way  until  used. 
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I  It  is  always  best  to  have  the  poles  at  the  front  of  the  gen- 
Fator  of  the  same  polarity  for  all  machines,  and  to  have  all 
feindings  connected  the  same,  tor  if  there  is  ever  an  occasion 
coiU'erl  ihe  machine  into  a  direct  or  pulsating  Eenerator, 
lie  polarity  of  the  current  in  each  will  be  the  same.  Uni- 
bomi  polarity  of  pulsating  generators  is  especially  necessary 
I  where  biased  bells,  the  use  and  construction  of  which  will  be 
<  explained  laler,  are  to  be  rung. 

14.     Armatures. — A    common   form  of    armature  core 

made  of  cast  iron  is  that  shown  in  Fig.  6.     Armatures  with 

^^^ch  cores  are  capable  of  producing  good  results,  provided 

^biat  the  proper  attention  is  given  to  the  quality  of  iron  used 

^^B  the  cores.     Also,  in  casting,  great  care  should  be  taken  that 


only  the  softest  grades  of  iron  are  used  and  that  the  castings 
do  not  become  chilled  in  pouring.  This  latter  condition  is 
somewhat  difficult  to  comply  with,  inasmuch  as  it  is  very 
I  to  pour  such  small  castint^s  without  chilling  them  in 


I  The  armature  core  is  now  generally  made  of  soft  metal, 
Lher  of  Norway  iron  or  of  very  mild  open-hearth  steel.  The 
lal  practice  is  to  make  up  the  armature  core  of  a  number 
[  punchings  of  the  latter  material.  These  punchings  or 
minalions  are  slipped  over  the  shaft  and  fastened  securely 
The  armature  cores  could  be  made  of  cast  steel,  but 
ley  would  be  more  expensive  to  worit  up.  So  it  is  as  much 
I  matter  of  shop  economy  to  use  the  built-up  core  as  it  is  an 
ictrical  necessity. 
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15.  laminated  Cores. — An  armature  provided  with  a 
laminated  core,  that  is,  one  built  up  of  thiu  layers  of  soft 
sheet  iron  or  steel  follows  closely  the  principles  that  have 
been  found  of  the  greatest  advantage  in  the  construction  of 
dynamos  and  motors.  Pig.  7  shows  one  of  these  armattue 
cores,  manufactured  by  the  Holtzer-Cabot  Company.  In  this, 
the  various  layers  of  which  the  core  is  formed  are  stamped 
from  a  very  soft  quality  of 
sheet  iron,  and  are  then 
placed  on  a  spmdle  of  steel 
and  clamped  in  position  by 
nuts,  as  shown.  In  the 
middle,  it  is  usually  custom- 
ary to  place  one  lamination 
a  little  smaller  in  diameter 
(iV  inch)  than  the  others,  so 
''"■ '  that  a  binding  string  may  be 

tied  around  the  groove  so  formed  to  keep  the  wire  on  the 
armature  from  flying  out  against  the  pole  pieces  when  the 
armature  revolves.  The  spindle  on  which  the  laminations 
are  clamped  forms  the  shaft  of  the  armature,  which  is  of 
the  same  general  form  when  completed  as  the  cast-iron 
armatures  already  described. 

By  this  construction,  not  only  is  a  far  better  grade  of  iron, 
having  high  permeability  and  low  hysteresis,  used  in  the 
armature  core,  but  the  formation  of  what  are  termed  eddy 
currents  is  prevented.  These  eddy  currents  are  currents 
set  up  in  the.  core  of  an  armature  by  the  same  inductive 
action  that  causes  the  currents  to  flow  in  the  wire  of  the 
armature  itself.  If  the  core  is  of  solid  cast  iron,  it  is  evident 
that  a  complete  circuit  may  be  formed  in  it  in  the  same 
direction  as  that  formed  by  the  wire  in  the  winding.  This 
circuit  will  be  acted  on  by  the  changes  in  the  magnetic 
lines  of  force  passing  through  it,  in  exactly  the  same  manner 
as  the  circuit  formed  by  the  wire,  and  therefore  currents 
of  greater  or  less  intensity  flow  through  the  core  itself. 
These  do  no  good,  and,  in  fact,  are  harmful,  inasmuch  as  the 
energy  represented  by  them  is  wasted,  and  inasmuch  as  theii 
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trection  is  always  such  as  to  oppose  the  flow  of  the  legitimate 
■nl9  in  the  armature  winding  itself.  By  laminating  the 
tore,  these  eddy  currents  are  broken  up,  because  the  resist- 
inec  between  the  various  layers  of  the  core  is  too  high.  This 
Method  of  construction  is  absoluieiy  essential  in  the  build- 
be  of  larger  dynamos,  but  it  was  a  long  time  before  its 
dvantages  were  appreciated  in  the  construction  of  raagneto- 
fcenerators. 

Al  present,  the  tendency  in  generator  construction  seems 

>  be  to  replace  the  usual  continuous  one-piece  shaft  through 
he  armature  by  steel-shaft  projections,  attached  to  either 
lide  of  the  armature  core  by  means  of  heavy  brass  disks. 

ives  a  larger  cross-section  of  laminated  iron  in  the 
lore  proper,  and  a  larger  winding  space  freer  from  irregu- 
trities  than  in  the  continuous-shaft  type.  It  is  claimed  that 
;  turns  of  a  larger  size  wire  can  thus  be  wound  on  the 
trmature,  which  allows  a  greater  output,  better  insulation, 
in<l  greater  durability, 

16.  WlndltiK, — Before  winding  an  armature,  it  is  neces- 
lary  to  properly  insulate  it;  this  is  usually  done  by  wrap- 
jring  on  it  a  layer  of  cotton  cloth,  or  paper,  impregnated 
irith  shellac  or  an  insulating  vaniisb,  so  that  it  will  adhere 

>  the  sides  of  the  winding  space.     The  armature  is  then 
M;urBd  in  a  winding  machine,  usually  on  a  threaded  spindle, 

■rbtch  engages  a  hole  tapped  in  the  side  of  the  armature  for 
bis  especial  purpose.  The  wire  is  then  fed  on  by  hand, 
Irhtle  the  armature  is  rapidly  rotated  until  the  wire  space  is 
piled  to  the  desired  degree.  Care  must  be  taken  that  the 
pace  is  not  so  full  that  the  outside  layers  of  wire  are  pro- 
"uding  beyond  the  cheeks  of  the  core,  as  this  will  cause  the 
rire  to  rub  against  the  pole  pieces  of  the  generator  in  turn- 
ing and  soon  cause  a  break  in  the  circuit.  After  winding, 
me  end  of  the  coil  is  fastened  to  the  metallic  portion  of  the 
»re  itself,  usually,  by  a  brass  pin  or  screw,  threaded  directly 
bto  the  spindle,  and  the  other  end  is  fastened  to  the  pin  g, 
.  which  is  insulated  from  the  core  itself,  but  in 
Mtallic  contact  with  the  pin  fi  projecting  from  the  end  of 
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the  spindle.  By  this  construction,  the  armature  winding 
terminates  on  one  side  in  the  pin  /,  and  on  the  other  side 
in  the  armature  core,  and,  therefore,  in  the  frame  of  the 
generator,  with  which  the  core  is  in  metallic  contact  through 
the  shaft  and  bearings. 

17.  The  size  of  wire  and  number  of  turns  on  an  arma- 
ture vary  according  to  the  use  to  which  the  generator  is 
to  be  put.  For  ordinary  exchange  service,  however,  the 
armature  is  usually  wound  with  No.  36  B.  &  S.  single  silk- 
covered  copper  wire  to  a  resistance  of  between  500  and  600 
ohms.  This  is  the  usual  winding  for  what  is  known  as  a 
10,000-ohm  generator,  the  significance  of  which  term  will  be 
explained  later.  The  winding  should  not  be  shellaced,  as 
it  will  then  be  nearly  impossible  to  remove  it  without  cutting 
it  out  in  case  it  needs  repairing. 

The  armature  of  a  four-bar  bridging  generator  having  the 
dimensions  shown  in  Fig.  7,  and  which  has  proved  success- 
ful, is  wound  with  1,900  turns  of  No.  32  B.  &  S.  single  silk- 
covered  wire,  half  the  turns  on  each  side  of  the  shaft,  and 
has  a  resistance  of  225  ohms.  The  armature  for  a  three-bar 
generator  was  1  inch  shorter,  but  had  the  same  number  of 
turns  of  the  same  size  wire. 

One  company  regularly  winds  generator  armatures  having 
resistances  of  70,  125,  240,  400,  and  1,100  ohms;  these  are 
for  generators  varying  from  the  ordinary  series  to  the 
powerful,  so-called  jumbo,  bridging  machine,  which  has  five 
permanent  magnets.  Five-bar  (permanent  magnet)  genera- 
tors are  extensively  used  on  rural  telephone  circuits  having 
a  large  number  of  instruments  on  one  circuit. 

18»  Relation  Between  Current,  Turns,  and  Resist- 
ance.— There  is  a  given  space  on  the  armature  of  a  gen- 
erator of  given  size  and  no  more  wire  can  be  wound  on  it 
than  will  fill  the  space.  If  the  space  is  properly  filled  with 
a  certain  size  wire,  a  certain  electromotive  force  is  obtained 
when  the  armature  is  turned  with  the  usual  speed.  The 
current  that  can  be  obtained  can  then  be  found  by  dividing 
the  electromotive  force  generated  in  the  armature  (not  the 
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difference  of  potential  across  the  terminals  of  the  armature)  by 
the  total  impedance  of  the  circuit,  which  includes  not  only 
the  external  impedance,  but  the  internal  impedance  of  the 
armature  as  well.  Of  course,  this  current  can  also  be  deter- 
mined by  dividing  the  difference  of  potential  across  the 
terminals  of  the  armature  by  the  external  impedance.  This 
difference  of  potential  is  equal  to  the  total  electromotive 
force  generated  in  the  armature,  less  the  fall  of  potential 
through  the  armature,  which  is  equal  to  the  current  gener- 
ated, multiplied  by  the  impedance  of  the  armature.  Further- 
more, in  telephone  lines,  a  large  current  is  only  required  in 
t  comparatively  low-impedance  line  circuit  (as  in  a  bridging 
rcuil  having  a  large  number  of  belts  in  parallel),  whereas, 
■  small  current  is  required  only  in  a  comparatively  high- 
impedance  line  circuit  (as  in  a  series-circuit  having  a  num- 
ber of  bells  in  series  with  the  line).  For  a  circuit  having  a 
high  impedance  and  requiring  a  small  current,  a  compara- 
tively high  electromotive  force  must  be  developed  in  the 
•rmature  in  order  to  get  even  the  small  current  required. 
.Consequently,  the  armature,  in  order  to  give  a  high  enough 
electromotive  force,  must  have  a  large  number  of  turns. 
Since  the  space  on  the  armature  is  limited  and  a  large  num- 
iber  of  turns  must  be  wound  in  that  space,  small  wire  must 
be  used,  and,  consequently,  the  armature  will  have  a  high 
resistance.  A  high  resistance  is  not  desirable  to  be  sure, 
but  it  cannot  always  be  avoided  with  the  given  amount  of 
space  on  the  armature.  Moreover,  for  a  circuit  containing  a 
number  of  bells  connected  in  series,  the  external  impedance 
will  be  high;  hence,  the  armature  resistance  may  also  be 
high  without  very  appreciably  diminishing  the  strength  of 
die  current  that  can  be  obtained  in  such  a  circuit. 

If,  on  the  other  hand,  we  have  an  external  circuit  of  small 
Impedance  and  require  a  larger  current,  the  armature  can- 
not be  wound,  as  before,  with  a  large  number  of  turns  of 
fine  wire,  because  the  high  resistance  of  the  armature  now 
bring  an  appreciable  part  of  the  tola!  impedance  of  the 
drctitt  would  prevent  the  flow  of  as  much  current  as  desired, 
,for  with  a  large  current  the  fall  of   potential  through  the 
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high-resistance  armature  would  be  very  large,  leaving:,  there- 
fore, too  small-  a  difference  of  potential  across  the  terminals 
of  the  armature  to  give  the  required  current  in  the  external 
circuit.  Consequently,  the  armature  must  be  wound  to  a 
lower  resistance,  and  in  order  to  do  so,  a  larger  wire  must 
be  used,'  and  if  a  larger  wire  is  used,  so  many  turns  cannot 
be  wound  in  the  same  space.  Consequently,  by  winding  the 
armature  with  a  larger  wire,  a  smaller  resistance  and  impe- 
dance are  obtained  and  also  a  smaller  electromotive  force. 
However,  since  the  external  and  internal  impedances  are  both 
less  in  this  case  than  in  the  former  case,  it  may  still  be  pos- 
sible to  obtain  with  the  lower  electromotive  force,  the  larger 
current  that  is  required.  If  a  larger  current  and  the  same 
electromotive  force  is  required,  the  space  on  the  armature 
must  be  greater  in  order  to  hold  the  same  number  of  turns  of 
a  larger  size  wire.  This,  with  perhaps  the  addition  of  more 
or  larger  magnets,  represents  the  change  to  be  made  in 
passing  from  a  series-generator,  which  must  be  capable  of 
ringing  a  number  of  low-resistance  bells  in  series  with  the 
line,  to  a  bridging  generator,  which  must  be  capable  of  ring- 
ing a  number  of  high-resistance  bells  in  parallel  across  the 
line  circuit.  With  the  same  voltage,  the  output,  or  power, 
of  the  generator  increases  with  the  current  required. 

19.  For  a  bridging  generator,  four  magnets  are  generally 
used,  though  some  are  made  using  five,  and  even  six,  magnets. 
A  four-bar  generator  may  usually  be  made  sufficiently  strong 
to  ring  all  the  telephones  that  can  be  successfully  oper- 
ated on  one  line;  but  a  five-bar  generator  will  give  better 
results  if  it  is  properly  designed.  A  common  practice  is  to 
increase  the  dimensions  of  the  machine  only  in  length, 
making  no  increase  in  the  winding  space.  The  same  number 
of  turns  of  the  same  size  wire  as  is  used  in  the  four- 
bar  generator  is  then  wound  on  the  armature  core.  The 
magnetic  field  is  increased  25  per  cent.,  which  will  increase 
the  open-circuit  voltage  in  like  amount,  but  the  resistance  of 
the  winding  has  increased  25  per  cent,  because  each  turn 
is  25  per  cent,  longer.     On  account  of  the  higher  resistance 
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.  the  armature,  the  increase  in  electromotive  force  is  offset 
f  the  increase  in  the  internal  drop  when  the  current  flows 
irough  the  generator.  Furthermore,  if  the  armature  is 
ijund  to  the  same  resistance  by  using  a  larger  wire,  there  will 
e  25  per  cent.  less  turns  in  the  same  space,  and  the  decrease 
I  electromotive  force,  due  to  the  reduced  number  of  turns, 
'ill  just  balance  the  increase  in  the  magnetism  due  to  the 
ttra  magnet.  What  is  necessary  is  to  increase  the  diameter 
t  well  as  the  length  of  the  armature,  then  a  coarser  wire 
lay  be  used  and  more  turns  obtained  with  a  less  resistance. 
The  series- gen  era  tor  is  nearly  always  made  with  three 
lagnels  and  of  the  same  dimensions  as  the  bridging  gene- 
ttor,  except  that  it  is  made  shorter. 

20.  A  good  three-magnet  generator;  has  an  output  of 
•out  5  watts  and  a  voltage  of  80,  when  the  armature 
ivolves  at  a  speed  of  L500  revolutions  per  minute.  The 
laVers  of  a  good  three-bar  generator  claim  that  it  is  not 
flvantageous  to  wind  the  armature  above  500  ohms  because 
ICD  the  resistance  increases  more  rapidly  than  the  electro- 
lolive  force.  The  speed  cannot  be  increased  because  the 
ell  will  not  respond  properly  to  a  higher  frequency,  A  good 
lenes  generator  should  be  capable  of  ringing  fifty  bells 
of  SO  ohms  each,  when  they  are  connected  in  series  through 
6,000  ohms.  A  series-generator  should  also  ring  clearly 
a  80K>hm  bell  through  10,000  ohms,  and  it  should  not  show 
bloss  of  over  5  per  cent,  in  its  magnetism  in  the  first  year; 
Itai  is,  U  should  still  ring  the  same  bell  clearly  through 
EfiOO  ohms. 

[  A  four-magnet  generator  should  ring  twenty  bells  of  1,000 

1  each,  connected  in  parallel,  through  a  resistance  of 

ftOOO  ohms.     One  manufacturing  company  has  a  circuit  con- 

latins  of  thirty-six  L600-ohm  bells  in  parallel  with  100  ohms 

m-inductive  resistance  in  series  between  every  second  bell 

b  represent  the  line  resistance.     Its  three-bar  generator  will 

nially  ring  thirty-two  bells.    Another  test  made  by  the  same 

mpaoy  is  to  determine  how  low  a  shunt  can  ne  connected 

ETOss  a  bell  without  preventing  it  from   ringing.    This 

lu— la 
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company's  three-bar  g^enerator  will  ring  the  bell  with  a  shunt 
as  low  as  43  ohms.  A  five-bar  generator  used  on  some  party 
lines  will  give  good  service  when  there  are  twenty  2,000-ohm 
bells  bridged  across  the  same  line  circuit. 

21.  Pole  Pieces. — The  material  of  w^iich  the  pole  pieces 
are  made  is  usually  cast  iron,  although  in  the  many  recent 
types  of  generators  each  pole  piece  is  stamped  in  one  piece 
from  a  good  quality  of  soft  sheet  iron.  The  advantages 
obtained  by  using  a  fine  quality  of  soft  iron  in  the  pole 
pieces  are  not  so  great  as  in  the  case  of  the  armature  core. 
One  reason  for  this  is  that  the  flow  of  magnetic  lines  of  force 
through  the  pole  pieces  is  always  in  the  same  direction;  while 
in  the  armature,  the  direction  of  the  flow  is  changed  twice 
during  every  revolution.  Inasmuch  as  a  good  quality  of  iron 
permits  these  changes  of  direction  through  it  with  a  minimun 
loss,  it  follows  that  it  is  very  essential  to  use  the  finest  quality 
of  iron  in  all  parts  subject  to  rapid  changes  in  magnetization, 
while  it  is  not  of  such  great  importance,  although  desirable, 
in  parts  where  the  magnetization  is  nearly  constant. 

The  use  of  cast  iron  for  pole  pieces  enables  a  very  accu- 
rate fitting  of  the  pole  pieces  to  the  armature  itself,  for  the 
chamber  in  which  the  armature  turns  may  be  readily  and 
accurately  bored  out  to  the  required  diameter.  This  degree 
of  accuracy  is  somewhat  lessened  where  the  pole  pieces  are 
stamped  from  sheet  iron,  as  it  has  been  proved  impracticable 
to  obtain  as  close  a  fit  as  where  the  interior  of  the  pole  faces 
were  bored  after  having  been  firmly  secured  together  in 
place.  From  this,  it  will  be  seen  that  the  air  gap  between 
the  armature  core  and  the  pole  pieces  is  necessarily  larger 
in  the  case  of  the  stamped  sheet-iron  pole  pieces  than  where 
the  pole  pieces  are  of  cast  iron;  and  this  feature  alone  will 
probably,  offset  any  advantages  derived  from  the  better 
quality  of  iron  used.  Still  another  objection  to  the  use  of 
sheet-iron  pole  pieces  is  found  in  the  fact  that  with  ordinary 
construction  it  is  impossible  to  obtain  as  good  a  magnetic 
joint  between  the  pole  pieces  and  the  inner  surfaces  of  the 
bar  magnets  as  where  cast  iron  is  used. 
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The  ideal  construction,  where  stamped  pole  pieces  are 
scd,  would  be  to  conform  the  surfaces  of  the  magnets  them- 
elves  lo  the  curved  portions  of  the  pole  pieces,  so  that  there 
rould  be  a  large  area  of  contact  between  them. 

In  a  good  magneto-generator,  constructed  with  cast-iron 
lole  pieces  properly  turned  and  adjusted,  it  is  not  practicable 
0  have  an  air  gap  of  less  than  A  inch,  and  ^V  inch  is  the 
isual  air  gap.  It  is  possible  to  obtain  a  much  smaller  air 
;ap  than  this  and  still  allow  a  free  rotation  of  the  armature, 
Nit  this  is  likely  to  produce  friction  between  the  armature 
nd  the  pole  pieces  after  the  bearings  become  somewhat 
rom  from  long  use. 

22,  Denrlnffs. — The  bearings  for  the  armature  are 
Iways  subject  to  a  greater  amount  of  work  than  those  for 
be  crank-shaft,  because  of  the  fact  that  the  armature  usually 
otates  about  five  limes  as  fast  as  the  crank.  In  many  of 
lie  cheaper  generators,  the  end  plates,  which  form  bearings 
Dr  both  the  armature  and  crank-shaft,  are  stamped  from 
heet  brass  varying  in  thickness  from  t^  inch  to  i  inch.  The 
leariugs  are  formed  in  these  merely  by  reaming  out  the 
lOles-to  the  required  size.  This  gives  a  very  small  bearing 
Drface,  and  as  a  result,  the  wear  is  excessive  and  the  gene- 
ilor  is  soon  rendered  inoperative,  either  by  the  striking  of 
lie  armature  cheeks  against  the  pole  pieces  or  by  the  failure 
li  the  gear-teeth  to  mesh  properly.  Where  the  greater  ihick- 
less  mentioned,  that  is,  i  inch,  is  used,  however,  the  gene- 
ators  frequently  wear  very  well,  provided  that  the  bearings 
re  properly  centered. 

A  belter  way.  although  a  more  expensive  one,  of  making 
le  bearings,  is  to  insert  a  bushing  of  brass  into  the  stamped 
nd  plate,  the  bushing  afterwards  being  reamed  out  to  form 
be  proper  bearing  surface.  This  method,  or  that  berein- 
fter  illustrated,  in  which  the  end  plates  are  formed  of  casi- 
ngs made  of  sufficient  thickness  to  insure  a  proper  bearing 
Urface,  is  used  in  many  generators.  E^ccellent  bearings 
ire  now  made  of  hard-drawn  brass  and  are  provided  with 
i]  boles. 
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23.  Driving:. — The  usual  form  of  driving  mechanism 
used  in  generators  consists  of  a  large  gear-wheel  mounted 
on  the  crank-shaft,  meshing  with  a  comparatively  small 
pinion  mounted  directly  on  the  armature  shaft.  One  of  the 
most  common  faults  found  in  generators  is  due  to  the  fact 
that  the  large  gear-wheel  is  cut  from  very  thin  sheet  brass, 
and,  even  though  it  properly  engages  the  pinion,  after  a 
short  time  wears  a  rut  in  it,  due  to  the  small  area  of 
contact  between  the  teeth  and  the  fact  that  the  teeth  on 
the  small  pinion  make  a  rubbing  contact  about  five  times 
as  often  as  do  the  teeth  on  the  larger  gear.  It  has  been 
quite  common  to  make  the  large  gears  only  iV  inch  thick, 
and  many  are  still  constructed  in  this  way;  they  should  be 
carefully  avoided  in  purchasing.  As  a  remedy  against 
this  undue  wear  between  the  gears,  the  thickness  of  the 
large  gear  has  been  in  many  cases  increased.  The  gears 
should  be  machine  cut  and  the  tooth  face  should  be  not  less 
than  4  inch  wide.  In  some  good  generators  the  small  gear 
is  drawn  from  hard-brass  rod;  this  makes  a  harder  gear  than 
one  cut  by  a  machine.  The  chain  drive  has  been  tried,  but 
it  is  no  longer  made. 

A  ratio  of  1  to  5  with  three  revolutions  of  the  handle 
per  second  will  give  about  fifteen  periods,  or  cycles,  per 
second,  which  is  a  suitable  frequency  for  ringing  ordinary 
polarized  bells,  although  twenty  cycles  per  second  is  about 
as  good  and  is  extensively  used.  The  ratio  between  the 
gear  and  pinion  should  be  some  incommensurable  ratio 
so  that  the  same  teeth  will  not  come  together  at  each 
revolution.  For  instance,  if  there  are  27  teeth  on  the  pinion 
and  134  teeth  on  the  large  gear,  the  ratio  will  be  slightly 
less  than  5,  and  any  tooth  on  the  pinion  will  come  in 
contact  with  the  same  tooth  on  the  large  gear  only  once  in 
every  134  revolutions.  The  pinion  should  be  connected 
to  the  armature  shaft  by  means  of  springs,  so  that  in 
driving,  all  the  unevenness  is  taken  up  by  these  springs. 
The  springs  must  be  made  strong  enough  so  that  they 
will  not  break,  and  at  the  same  time  they  must  not  be 
too  stifE. 
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24,  Form  of  Cnrrent  Wave. — The  form  of  wave 
approaching:  most  nearly  the  sine  wave,  shown  in  Fig.  2, 
has  been  found  best  suited  for  signaling  over  long  lines. 
This  is  the  curve  of  the  current  generated  by  a  coil  of  wire 
revolving  at  a  uniform  rate  in  a  uniform  field  of  force.  In 
the  magneto-generator,  this  form  of  wave  is  rarely  ever 
attained,  as  the  relation  between  the  pole  faces  and  the 
cheeks  of  the  armature  core  does  not  give  a  uniform  field  of 
force,  and  so  serves  to  modify  this  form  of  wave  to  a  con- 
siderable extent.  As  has  been  pointed  out,  when  the  center 
of  th^  armature  faces  are  opposite  the  center  of  the  pole 
faces,  the  current  is  changing  in  direction  and  is  therefore 
passing  through  zero;  at  right  angles  to  this  position,  the 
current  is  a  maximum.  Were  it  not  for  the  iron  of  the  arma- 
ture core,  the  changes  in  passing  from  the  former  position 
to  the  latter  would  be  gradual,  and  the  current  curve  would  be 
approximately  that  of  a  simple  harmonic  wave. 

25.  Core  Cheeks  Too  Narrow. — If  the  cheeks  of  the 
armature  core  are  not  wide  enough  to  fill  the  gap  between 
the  pole  faces  when  the  plane 
of  the  armature  coil  is  hori- 
zontal, the  curve  will  assume 
the  form  shown  in  Fig.  8  (a);' 
that  is,  it  will  have  two  dis- 
tinct humps  in  every  half 
cycle.  These  humps  may  be 
readily  accounted  for.  Dur- 
ing the  time  that  the  cheek  of  the  armature  core  is  passing 
the  pole  piece,  there  is  but  little  change  in  the  number  of 
lines  of  force  passing  through  the  armature  core,  and  the  cur- 
rent therefore  passes  through  zero  as  the  armature  passes 
through  the  position  where  the  plane  of  the  coil  is  vertical. 
As  the  corner  of  the  armature  cheek  recedes  from  the  pole 
piece,  however,  there  is  a  distinct  rise  in  electromotive  force 
and  current,  owing  to  the  fact  that  the  number  of  lines  pass- 
ing through  the  armature  are  rapidly  decreasing.  This  causes 
the  first  hump  in  each  half  cycle  of  the  curve  (a).     Almost 
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immediately  afterwards,  the  leading  comers  of  the  armature 
core  approach  the  opposite  pole  comers,  thus  causing  a 
great  increase  in  the  flow  of  lines  through  the  core  in  the 
opposite  direction;  this  forms  the  second  hump  in  each  half 
cycle  of  the  curve. 

26.  Core  Cheeks  Too  Wide. — On  the  contrary,  where 
the  core  cheeks  are  so  wide  that  they  overlap  the  intervals 
between  the  pole  pieces,  the  curve  form  will  be  flattened,  as 
shown  in  Fig.  8  (d).  This  is  caused  by  the  fact  that  the 
changes  in  the  number  of  lines  passing  through  the  armature 
coil  is  always  gradual.  When  the  armature  is  in  its  vertical 
position,  with  the  two  core  cheeks  bridging  across  the  inter- 
vals between  the  pole  faces,  a  good  path  is  formed  for  the 
lines  of  force  through  the  cheeks  without  passing  through  the 
shank  of  the  core.  As  the  armature  rotates,  this  condition  is 
gradually  changed,  until  the  armature  is  in  the  position 
where  the  plane  of  the  coil  is  vertical,  when  all  the  lines  will 
pass  through  the  armature  coil. 

27.  Proper  Width  of  Core  Cheeks.— The  best  rela- 
tion between  the  width  of  the  core  cheeks  and  the  distance 
between  the  pole  pieces  is  such  that  each  should  occupy 
just  90°  of  the  circumference  of  the  cylindrical  space  in 
which  the  armature  rotates;  in*  other  words,  when  the  core 
cheeks  will  just  fill  the  space  between  the  pole  pieces  when 
the  armature  coil  is  horizontal,  and  will  just  fill  the  cylin- 
drical portions  of  the  pole  pieces  when  the  armature  coil  is 
vertical.  With  this  construction,  the  current  curve  corre- 
sponds very  closely  to  that  shown  in  Fig.  8  (c),  which, 
it  is  true,  is  not  a  very  close  approximation  to  a  simple 
harmonic  curve,  but  probably  the  nearest  approach  that  can 
be  obtained  in  practice  with  the  ordinary  form  of  magneto- 
generator. 

28.  Voltage  of  Generators. — The  voltage  given  out 
by  any  magneto-generator  depends  on  the  strength  of  the 
magnetic  field,  on  the  number  of  turns  of  wire  on  the  arma- 
ture, on  the  speed  of  rotation  of  the  armature,  and  to  some 
extent  on  the  relation  between  the  cheeks  of  the  armature 
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and  the  pole  pieces.  At  the  usual  rate  of  turning  by  hand, 
an  ordinary  machine  should  generate  an  electromotive  force 
of  from  60  to  80  volts  when  wound  for  ordinary  service. 

On  account  of  the  demand  for  a  generator  that  will  ring 
a  large  number  of  telephones  on  a  line,  it  has  become 
necessary  to  constantly  increase  the  size  and  output  of  the 
machine.  It  is  not  uncommon  to  find  a  generator  that  will 
ring  forty  telephones  on  lines  of  12  or  15  miles  in  length. 
The  magneto-generator  is  nothing  more  than  a  dynamo,  and 
conditions  that  will  apply  to  one  will  apply  to  the  other. 
What  is  to  be  obtained  is  as  strong  a  magnetic  field  as  pos- 
sible, a  large  number  of  turns  on  the  armature,  and  a  low 
resistance  winding. 


COMMERCIAL    TYPES    OF    MAGNETO-GENERATORS 

29.     EArly  Form  of  Generator. — In  Fig.  9  is  shown 


Fio.  9 

two  views  of  an  early  magneto-generator.  The  pole  pieces  a 
are  of  cast  iron,  having  the  surfaces  that  face  each  other 
machined  into  cylindrical  form.  These  pole  pieces  are  held 
in  position  by  the  sheet-brass  end  plates  b,  which  are  secured 
to  their  ends  by  screws  e  passing  through  the  end  plates 
themselves  and  into  tapped  holes  h  in  the  pole  pieces.  The 
armature  core  is  of  cast  iron,  of  a  form  shown  in  side  and 
end  elevation  in  Fig.  6.    The  shaft  of  the  armature,  which  is 
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cast  as  an  integ^ral  part  of  the  core,  is  turned  in  a  lathe  so  as 
to  form  suitable  bearing;  surfaces  a,  a.  Fig.  6,  adapted  to 
turn  freely  within  the  bearings  in  the  end  plates  6,  Fig.  9. 
The  cylindrical  surfaces  cc,  Fig.  6,  of  the  armature  core|  are 
also  turned,  while  on  the  same  centers,  to  a  diameter  slightly 
less  than  the  internal  diameter  of  the  cylindrical  surfaces 
of  the  pole  faces,  so  that  the  armature  may  rotate  freely 
when  in  place. 

The  armature  in  generators  of  this  type  is  usually  wound 
with  No.  36  wire  to  a  resistance  of  about  600  ohms,  the  wire 
lying  in  the  space  formed  between  the  pole  cheeks  on  the 
core  and  the  shaft.  One  end  of  the  armature  shaft  is  bored 
for  the  reception  of  a  hard-rubber  plug,  into  which  is  set  a 
brass  pin  p  projecting  beyond  the  end  of  the  shaft.  This  pin 
is  insulated  from  the  body  of  the  armature,  but  is  in  metallic 
contact  with  a  second  insulated  pin  g  projecting  through  a 
hole  bored  in  the  side  of  the  armature  spindle  and  screw- 
threaded  into  the  pin  p.  This  construction  is  shown  in  the 
small  detached  cut  in  the  left-hand  portion  of  Fig.  6.  To 
this  pin  g  is  attached  one  end  of  the  wire  forming  the  arma- 
ture coil,  while  the  other  end  is  attached  to  a  similar  pin  ^ 
screwed  directly  into  the  metallic  shaft.  The  pin  py  there- 
fore, forms  one  terminal  of  the  armature  coil,  while  the  shaft 
itself  forms  the  other  terminal.  The  winding  is  represented 
in  Fig.  6  by  a  few  turns  of  wire  w  instead  of  a  large  number 
of  turns,  in  order  that  the  path  from  the  pin  g  to  pin  ^  may 
be  readily  traced. 

30.  A  rapid  rotary  motion  may  be  given  to  the  armature 
by  means  of  the  crank  r,  Fig.  9,  through  the  medium  of  the 
large  gear-wheel  ^  mounted  directly  on  the  crank-shaft,  which 
engages  a  pinion^'  mounted  directly  on  the  armature  shaft. 
The  ratio  of  the  number  of  teeth  on  the  large  gear-wheel  to 
the  number  on  the  pinion  is  usually  about  5,  so  that  one 
revolution  of  the  former  produces  about  five  revolutions 
of  the  armature.  The  crank-shaft  is  journaled  in  bearings 
formed  in  outward  extensions  of  the  end-plates  d  on  each 
side  of  the  machine. 
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^H  The  permanent  magnets  m  are  of  horseshoe  shape,  and 
^■foor  in  number;  they  are  clamped  in  position  against  the 
outer  faces  of  the  pole  pieces  by  the  screws  /  passing  through 
the  clomping  plates  (/,  between  the  two  pair  of  magnets  and 
^^inlo  the  pole  pieces  a.  These  magnets  are,  of  course,  all 
^UVranged  with  their  like  poles  together,  so  that  the  sum  of 
^Rbeir  magnetic  effects  may  be  secured. 

^  31.  Coimeclloiis  With  External  Circuit.— In  order 
that  the  currents  generated  by  the  rotation  of  the  armature 
may  be  sent  over  an  external  circuit  for  the  ringing  of  bells 
or  other  purposes,  one  wire  /',  Fig,  9,  is  attached  to  the 
b^me  of  the  machine,  which  is  in  constant  electrical  contact 
with  the  terminal  of  the  armature  winding  that  is  secured 
directly  to  the  shaft,  the  connection  being  through  the  end 
plates  #  and  the  bearings  of  the  armature.  Another  wire  /, 
forming  the  other  terminal  of  the  external  circuit,  is  attached 

»to  the  spring  s,  which  bears  with  considerable  pressure 
BSainst  the  end  of  the  pin  fi,  which,  as  has  been  shown,  is  in 
electricsl  contact  with  the  other  terminal  of  the  armature 
winding. 

Across   the   terminals  of  the  generator  is  connected  the 

shunt,  which  is  normally  held  closed  by  the  action  of  the 

Lrpnsh-btitton  spring.     While  the  generator  handle  is  turned 

^■hrith  one  hand,  the  push  button  w  must  be  pressed  with  a 

^Bpnger  of  the  other  hand,  thereby  opening  the  shunt  circuit. 

I  32.     Westeru  Telephone   Coustructlon   Companj-'s 

Maitneto-tieuerator.— The  form  of  magneto -generator 
made  by  the  Western  Telephone  Construction  Company  is 
shown  in  Fig.  10,  in  which  A/,  M.  M  are  the  permanent  mag- 
oets,  bent  from  steel,  having  a  cross-sectional  area  3  by  I  inch. 
Before  putting  on  the  magnets,  the  pole  pieces  between 
which  the  armature  revolves  are  firmly  riveted  together,  at  a 
suitable  distance  apart,  by  means  of  shouldered  brass  rods. 
The  two  pole  pieces  so  fastened  together  are  then  placed  in 
\  boring  machine  and  (he  cylindrical  space,  in  which  the 
mature  is  to  turn,  is  carefully  bored  out.  The  armature, 
bbich  is  of  somewhat  greater  diameter  than  in  the  ordinary 
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form  of  generator,  is  then  put  in  place,  it  being  journaled  in 
the  cast-brass  end  plates  ByB^  which  are  secured  to  the 
ends  of  the  pole  pieces  by  screws,  as  shown.  Vertical 
extensions,  a  part  of  the  end  plates  B,  form  journals  for  the 
crank-shaft.  The  magnets  are  clamped  into  position  on  the 
pole  pieces  by  screws  5,  5  passing  through  washers  and 
clamping  plates  P,P,  and  then  between  the  magnets,  into 
the  pole  pieces.  Both  the  large  gear  G  and  the  pinion  G' 
are  cut  from  cast-brass  blanks,  the  width  of  the  large  gear- 
face  being  about  A  inch. 

33,  Generator  Shunt. — The  automatic  shunt  of  this 
generator  consists  of  a  plate  or  collar  U  carried  on  a  brass 
crank-shaft  that  is  normally  pressed  toward  the  right  by 
means  of  the  spring  y,  which  bears  against  the  large  gear- 
wheel. This  plate  C/is  therefore  normally  pressed  against 
the  spring  F,  secured  to  the  inside  of  the  generator  box;  this 
spring  is  connected  by  the  shunt  wire  5  to  the  spring  A  that 
rests  against  the  armature  pin  Q,  As  the  pin  Q  forms  one 
terminal  of  the  armature  winding  and  the  frame  of  the  gen- 
erator the  other  terminal,  the  wire  S  forms  a  short  circuit 
around  the  armature,  which  is  only  broken  when  the  col- 
lar U  breaks  contact  with  the  spring  V.  This  happens  when 
the  crank  of  the  generator  is  operated,  for  the  slotted 
sleeve  W  to  which  the  handle  is  fastened  and  which  is 
loosely  mounted  on  the  shaft,  is  automatically  pressed 
toward  the  generator  by  means  of  the  pin  X  riding  on  the 
inclined  sides  of  the  slot  in  the  sleeve.  This  presses  the 
collar  U  away  from  the  spring  V  before  the  generator  starts 
to  turn,  and  therefore  the  shunt  is  never  present  while  the 
generator  is  being  operated.  As  soon  as  the  hand  is 
removed  from  the  crank,  the  spring  Y  presses  the  col- 
lar 6^  again  into  contact  with  the  spring  F,  thus  reestab- 
lishing the  short  circuit. 

34.  Chain-Driven  Generator. — At  one  time  the  Holt- 
zer-Cabot  Electric  Company  made  a  generator  with  a  chain 
drive,  as  shown  in  Fig.  11.  The  cast-iron  pole  pieces  /*,  P  are 
accurately   bored   out   to   form  the  armature  chamber  and 
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are  secured  to  end  plates  Ay  B  by  means  of  the  screws  p. 
These  end  plates  have  on  their  inner  surfaces  shoulders  cor- 
responding in  curvature  to  the  .bore  of  the  pole  pieces,  so 
that  the  inner  surfaces  of  the  latter  when  testing  against 
these  shoulders  are  accurately  centered.  The  armature  is 
laminated,  and  the  magnets  are  clamped  in  place  by  short 
bolts  /%  passing  between  them  and  into  threaded  holes  in 
upwardly  projecting  parts  of  the  pole  pieces.  On  an  upright 
standard  from  the  end  plate  B  is  mounted,  by  means  of  the 
bolts  b,  by  the  crank-bearing  C,  in  which  the  crank-shaft 
carrying  the  large  gear-wheel  rotates.     The  large  and  small 
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gears  are  connected  by  means  of  a  driving  chain  of  steel 
links  passing  over  both.  The  bearing  C  of  the  crank-shaft 
may  be  adjusted,  in  order  to  tighten,  or  loosen  the  chain,  by 
means  of  the  slotted  holes  through  which  the  bolts  b  pass. 
This  method  of  driving  secures  a  very  smooth-running  gen- 
erator, and  where  the  chain  is  constructed  of  such  material 
that  it  will  not  stretch,  and  properly  fitted  to  the  gear-wheels, 
proves  satisfactory. 

All  Holtzer-Cabot  generators  are  now  made  with  gear- 
wheels in  place  of  the  chain,  while  between  the  pinion  and 
armature,  a  flexible  connection  is  secured  by  means  of  spiral 
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lOmprcssioD  spriags   ihat  are  inserted  in  grooves  in  the 
nion,  the  arrangement  being  such  that  it  is  impossible  for 
2  pinion  to  rotate  without  moving  the  armature  shaft.     By 
pcans  of  this  arrangement,  a  uniform  motion  of  the  arma- 
ire  is  secured  and,  as  a  result,  uniform  current  waves  are 
nt  out  on  the  line. 
35.     AutODiatlv  Sbunt. — The  shunt  K  on  the  chain- 
riven  generator  is  very  simple.     It  is  shown  in  detail  in 
Hg.  12.  in  which  P  is  the  contact  pin  projecting  from  the 
nd  of  the  armature  shaft,  with  which  one  end  of  the  arma- 
*ttire  coil  is  connected.     A"  is  a  cup  of  tJiin  brass,  secured 
directly  to  the  armature  shaft,  and  is  therefore  in  metallic  con- 
nection with  the  other  terminal  of  the  armature  winding. 
■(Occupying  about  two-thirds  of  the  space  within  the  cup  is 


^  mass  of  small  tneiallic  particles,  formed  by  clipping  No.  20 

-ass  wire   into  very  short   lengths.     These   particles   are 

teld  in  place  by  a  raica  washer,  through  which  the  pin  P 

K>jecls.     \V1iile  at  rest,  as  shown  at  (a),  a  short  circuit  is 

med  around  the  terminals  of  the  armature  by  means  of 

(  metallic  particles,  which  electrically  connect  the  pin  P 

bd    the   cup  A',     As  soon,  however,   as   the   armature   is 

buied,  centrifugal  force  causes  the  particles  to  fly  toward 

s  outer  portions  of  the  chamber,  as  shown  at  {<*),  leaving 

portion    immediately   surrounding   the    pin  P  entirely 

ply.     This  opens  the  short  trircuit  between  the  pin  P  and 

tbe  cup  K,  and  therefore  breaks  the  shunt  around  the  arma- 

irc  and  allows  the  current  to  pass  to  line. 

'Hiis    type  of    shunt    is   no    longer   made.     In   its  place 

J1E&,  resembling  those  shown  in  Fig.  13  and  operated 
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by  a  longitudinally  moving  crank-shaft,  arc  now  us 
Hohzer-Cabot  generators. 

36.  KolluKK  Oc'uei'otor. — The  generator  made  by  the 
Keliogg  Switchboard  and  Supply  Company  is  shown  in 
Fig.  13,  with  a  portion  of  the  magnets  cut  off  so  as  to  better 
show  the  frame  and  gears.  The  various  parts  are  shown  in 
Fig,  14.  The  usual  continuous  one-piece  shaft  has  been 
replaced  by  steel-shaft  projections  attached  to  either  en 
the  armature  core   by    meaus  of   heavy   brass   disks  i 
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which  are  made  self-centering  by  turnine  shoulder 
to  fit  recesses  turned  in  the  ends  of  tlie  armature  core,  which 
is  made  of  soft,  permeable,  silicon  iron.     This  construction^ 
gives  a  greater  useful  cross-section  of  soft  iron  and  a  laifl^B 
and  more  regularly  shaped  vnuding  space,  as  shown  at  G^^| 
than  does   a   continuous-shaft  armature,   as  shown  at  (^^H 
The  two  iron  pole  pieces  n,  s,  which  also  form  the  fratne. 
are  held  securely  in  position  by  heavy  brass  posts  o,  p,  </,  r; 
this  gives  a  rigid  construction  regardless  of  the  end  platMj 
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prevent  rusting:  better  than  nickel  plating^.    They  are  then 
mas^netized. 


MISCEL.LJLNEOU8    TYPX;8    OF    AUTOMATIC    SHUllTS 

37.  Western  Electric  Shunt. — Several  forms  of  auto- 
matic shunt  have  already  been  described  in  connection 
with  the  various  generators  to  which  they  belong.  There 
are  several  others,  however,  that  merit  attention.  One 
known  as  the  Williams  automatic  shunt,  and  manufactured 
by  the  Western  Electric  Company,  is  used  on  nearly  all  the 
instruments  of  the  American  Bell  Telephone  Company.  This 
is  shown  in  Fig.  15,  in  which  the  large   gear-wheel  G  is 


loosely  mounted  on  the  crank-shaft  S,  and  is  free  to  turn 
thereon  through  a  small  portion  of  a  revolution.  The  crank- 
shaft 5  is  normally  pressed  toward  the  left  by  a  spiral 
spring  s  bearing  at  one  end  against  the  end  plate  A  of  the 
generator,  and  at  its  other  end  against  the  collar  s'  rigidly 
secured  to  the  crank-shaft. 

The  hub  of  the  gear-wheel  G  is  provided  with  a  V-shaped 
notch  in  which  rests  a  pin  p  secured  directly  to  the  crank- 
shaft 5*.  A  spring  6>,  which  is  connected  with  one  terminal  a 
of  the  armature  winding,  rests  against  the  end  of  the  shaft  5 
when  at  rest,  and  therefore  completes  a  short  circuit  around 
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[be  armature,  whose  oilier  terminal  a'  is  connected  directly 
prith  the  frame  of  the  generator,  as  usual.  When  the  crank 
I  lumcd,  the  pin/  rides  out  of  the  notch  in  the  hub  of  the 
(ear-wheel,  and  in  so  doing  pulls  the  shaft  against  the  pres- 
»re  of  the  spring  s  out  of  contact  with  the  spring  O,  thus 
'eaking  the  low-resistance  path,  or  shunt,  around  the  arma- 
and  leaving  the   latter  effectively  in  the  line. 

Centpitnfjial  SliuuC. — In  Fig,  16  is  shown  another 

brm  of  automatic  shunt,  known  as  the  Post,  depending  on 

pe  centrifugal  action  due  to  the  rotation  of  the  armature. 

\  is  the  armature  shaft,  while  w  merely  represents  the  arma- 

;  coiL     One  end  of  this  coil  is  fastened  to  the  armature 


laft  and  the  other  end  to  the  pin  q  connected  with  the  pin  Q 

1  the  ordinary  manner.     5  is  a  spring  secured  at  one  end 

)  the  armature  shaft  and  normally  bearing  at  its  other  end 

fan  the  pin  g.  so  as  to  form  a  short  circuit  between  that  pin 

md  the  armature   core.     When,   however,    the   armature   is 

l3ted.   the  weighted  end  of  the  spring   5   breaks  circuit 

rilh  the  pin  q,  due  to  centrifugal  force,  and  thus  breaks  the 

i>nnt  while  the  generator  is  in  action.     This  form  of  shunt, 

fending  as  it  does  on  a  single  contact,  which,  owing  to 

piechanical  reasons,  is  necessarily  light,  has  not  proved  alio- 

[ether  satisfactory  in  practice. 

t  39.  The  Cook  eiMint.— In  Fig,  17  is  shown  the  Cook 
jfauDt.  manufactured  by  the  Sterling  Electric  Company.     A 

tctional  view  of  the  crank-shaft  and  bearings,  together  with 

:  shunt-operating  mechanism,  is  shown  at  (<;),  while  small 

letached  views  [b)  and  [c)  illustate  the  respective  positions 

f  the  contacts  while  the  generator  is  in  motion  and  at  rest. 
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B,  B  are  the  bearings  for  the  crank-shaft,  these  being  sup- 
ported by  upwardly  projecting  arms  from  the  end  plates  of 
the  generator.  The  large  gear-wheel  G  is  mounted  on  a 
hub^''  that  is  rigidly  secured  to  a  sleeve^.  The  sleeve^ 
turns  within  the  bearings  B,  B,  and  is  itself  free  to  turn  on 
the  shaft  5,  but  cannot  slide  sidewise  in  the  bearings  B^  B. 
The  connecting  means  between  the  shaft  and  the  sleeve^  is 
a  spring  5  coiled  around  the  sleeve,  one  end  of  which  is  fas- 
tened to  a  collar  ^'  rigidly  secured  on  the  sleeve,  while  the 
other  is  fastened  to  a  screw  pin  p  passing  through  a  diagonal 
slot  in  the  sleeve  and  into  the  shaft.     This  pin  is  normally 
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held  at  one  end  of  the  slot  by  the  tension  of  the  spring,  as 
shown  at  (^),  and  the  shaft  is  thereby  held  in  contact  with 
the  spring  (?,  this  contact  completing  the  shunt  around  the 
armature.  When,  however,  the  crank  is  turned,  the  pin  p 
rides  against  the  sides  of  the  slot  against  the  tension  of  the 
spring  5*  until  it  assumes  the  position  shown  at  (^),  thus 
breaking  the  connection  between  the  shaft  and  the  spring  o 
and  removing  the  shunt  from  the  armature.  Turning  the 
crank  right-handed  moves  pin  p  right-handed,  thus  tending 
to  wind  up  the  spring  5,  and  since  the  collar^'  cannot  slide 
laterally,  the  pin  with  the  shaft  is  moved  to  the  right.  It 
will  be  seen  that  the  sleeve  g  and  the  large  gear-wheel  G 


36  MAGNETO-GENERATORS  AND  BELLS  §6 

sent  out  through  the  brushes  will  always  be  in  the  same  direc- 
tion; for  just  as  the  change  in  direction  in  the  current  is 
taking  place  within  the  armature  winding,  the  connection 
through  the  brushes  is  reversed,  and  the  two  reversals  taking 
place  at  the  same  time  serve  to  keep  the  current  in  the  same 
direction  through  the  external  circuit.  The  current  is  there- 
fore of  the  form  shown  by  the  full  \\nQ  A  B  C  D  E FG  H I  in 
Fig.  19.  It  is  direct  but  pulsating  in  character;  it  may  be 
called  a  rectified  alternating^  current,  because  the  nega- 
tive impulses  are  rectified  in  direction. 


PUL8ATING-CURRKNT    GENERATORS 

41.     Where  either  one  of  two  biased  bells  (the  meaning 
of  which  will  be  explained  later),  connected  to  the  same  line 
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circuit  is  to  be  rung,  a  so-called  pulsating-current  gen- 
erator is  used.  In  these  generators  either  the  positive  or 
negative  impulse  is  cut  out  altogether,  so  that  the  current 
curve  approximates  something  like  that  shown  by  the  full 
lines  ABC,  EFG  in  Fig.  20.  The  portion  of  the  curve  ABC 
is  generated  during  one-half  of  a  revolution  of  the  armature. 
From  C  to  E,  during  the  next  half  revolution,  the  current  in 
the  external  circuit,  which  is  then  open,  is  zero.  Therefore, 
the  part  of  the  curve  drawn  in  full  lines  represents  the  current 
actually  flowing  in  the  external  circuit.  The  broken  line 
CDE  represents  the  course  the  curve  would  have  taken 
had  the  circuit  been  closed  all  the  time,  in  which  case  the 
current  would  have  been  alternating. 
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Evidently,  if  the  circuit  is  connected  to  the  generator 
armature  only  during  each  half  revolution  during  which  the 
impulses  .-i^Cand  fIFG  are  EC'ierated,  there  will  be  a 
puhaiiiig  current  always  in  the  same  direction  in  the  circuit, 
while  ]f  ihe  circuit  is  connected  to  the  armature  only  during 
the  other  half  revolution,  during  which  time  the  impulses 
CDE  and  GHI  are  generated,  there  will  be  a  pulsating 
current  in  the  opposite  direction  to  that  first  considered. 
Hence,  MABC  and  EFG  are  positive  (  +  )  impulses, 
CDE  and  GHI  are  negative  (  — )  impulses.  Impulses  in 
either  direction  in  the  external  circuit  will  be  separated  by 
time  intervals  equal  in  length  to  a  single  impulse. 

42.  One  arrangement  for  giving  a  pulsating  current  is 
shown  in  Fig.  21.     The  two  brass  segments  d,  f,  constituting 


,  collector  ring,  are  insulated  from  each  other  by  the  insula- 
ion  I  and  from  the  shaft  and  all  other  metal  parts  of  the 
[enerator  by  the  insulating  ring  c.  One  end  of  an  ordinary 
huttle-wound  armature  is  connected  to  d  and  the  other  end 
>  the  segment  /  and  also  to  the  shaft  or  collecting 
■ng  h.  The  shaft,  collecting  ring,  and  armature,  all  revolve 
Dgctbcr.  a.  b,  and  (  represent  stationary  brushes,  a  bearing 
ring  or  shaft  A,  and  b,  on  rf  and  /,  and  c,  on  d  and  /. 
htring  one-half  of  each  revolution  the  electromotive  force 
lenerated  in  the  coil  tends  to  send  a  current  in  the  direction 
idicated  by  the  arrows  and  consequently,  as  long  as  b  rests 
B  4/,  a  current  flows  out  of  d  through  b  into  the  line  m-l-ji 
Dd  back  from  a  into  *.  During  the  next  half  revolution, 
restti  on  /;  therefore,  both  a  and  b  are  connected  to  end  w, 
Wle  end  v,  being  in  contact  with  c,  is  open;   hence,   no 
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current  is  produced  in  the  circuit.  This  arransfement,  there- 
fore, gives  pulsating  currents  separated  by  intervals  of 
equal  length  during  which  no  current  flows.  Moreover, 
these  impulses  always  flow  in  the  direction  d-b-m-l-fi-a-h. 
Such  a  current  in  the  side  of  the  line  m-l  is  called  a 
X>osltive  pulsating  current  because  it  flows  from  the 
generator  out  over  the  line  m-l.  The  current  in  the  side 
of  the  line  l-n  is  called  a  negative  pulsating:  current 
because  it  flows  from  the  line  /  back  to  the  generator.  To 
get  a  negative  pulsating  current  in  the  side  »f-/,  it  is  only 
necessary  to  reverse  the  connections  between  the  line  and  the 
brushes,  that  is,  connect  m  to  a  and  n  to  b;  this  will  also 
gi"ve  a  positive  pulsating  current  in  n-L 

To   get   a   positive   or  negative   pulsating  current  over 
either  side  of  a  line,  the  ground  being  used  as  a  return,  it  is 
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simply  necessary  to  connect  the  side  of  the  line  over  which 
the  current  is  desired,  to  the  brush  supplying  the  current  in 
the  direction  desired,  the  other  brush  being  temporarily 
grounded.  Where  it  is  desired  to  ground  permanently  one 
side  of  the  generator,  it  is  necessary  to  use  two  generators 
(or  more  complicated  collecting  rings  and  brushes),  one  brush 
on  one  machine  and  one  brush  of  opposite  polarity  on  the 
other  machine  being  permanently  grounded. 

If  the  line  circuit  is  connected  across  the  brushes  bc^  b, 
direct  current  will  be  obtained  in  the  external  circuit,  as 
explained  in  connection  with  direct-current  magnetos. 

43.     Positive    or    Negative     Pulsating    Currents. 

The  arrangement  shown  in  Fig.  22  may  be  used  where  one 
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fteeneralor  must  supply  both  positive  and  negative  impulses 
land  iilso  where  a  permanent  ground  connection  to  the  gene- 
Irator  is  required.  The  brush  r  forms  the  return  circuit 
Iftir  either  rt  or  b.  During  one-half  of  each  revolution,  posi- 
Ktive  impulses  may  be  obtaiued  from  a,  and  during  the  other 
Rbalf  of  each  revolution,  negative  impulses  may  be  obtained 
Ifrom  b.     Hence,  current  impulses  can  be  obtained  in  either 

■  direction  over  any  wire,  the  return  circuit  of  which  is  formed 

■  by  bells  and  the  ground,  by  connecting  that  wire  to  a  or  b. 
I A  direct-  or  pulsating-current  generator  is  frequently  used  in 
la  bridging  telephone  instrument  on  toll  lines,  so  that  the 
■exchange  signal  will  be  operated,  but 
■<Tio  bells  on  the  same  line  will  be  rung. 
Lin    this  case,  all  calls   go    to  a  central 

■  point  where  an  operator  attends  lu  the 
Icalls,  in  order  to  prevent  free  messages 
I  even  over  the  same  line.  The  central 
leperator  does  all  the  calling  and  can, 
1  therefore,  check  all  messages.  The 
■system  also  gives  the  signaling  into 
Itbe  hands  of  a  competent  person,  and 

e     are     not    so     many    misunder- 
§standings, 

44>  ArranffoiiioiitsorSprlnKs  to  [Q 
ftObluln  Alteruulliig;.  l>irect,  or  I'lil- 
Isatldipr  CnrrcntB. — Fig.  23  shows  an 
■arrangement  of  springs  and  two-part  commutator  of  a  hand 
Igenerator  made  by  the  Stromberg-Carlson  Telephone  Manu- 
Ifacturing  Company,  whereby  alternating,  direct,  negative- 
Ipulsating,  or  positive-pulsating  current  may  be  obtained. 
[The  springs  are  al!  made  of  German  silver,  provided  with 
Iplatinum  contacts  and  substantial  terminal  screws  so  that 
Iconnections  can  be  readily  made  to  them.  1  is  always  con- 
Inected  to  one  end  of  the  armature  ivinding  and  4  to  the  other 
fend,  thus  giving  alternating  current  in  any  circuit  connected 
to  these  terminals.  2  connects  to  tme  stationary  brush  and  5 
l<>  a  diametrically  opposite  stationary  brush  between  which  a 
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two-part  commutator  revolves,  each  seg^ment  of  which  is 
permanently  connected  to  one  end  of  the  armature  winding:; 
any  circuit  connected  to  these  two  terminals  receives,  there- 
fore, the  rectified  alternating  current,  that  is,  direct  current, 
which  is  slightly  pulsating  in  character,  but  sufficiently  steady 
for  the  purpose  intended.  Since  2  connects  to  one  stationary 
brush  and  4  always  to  the  same  end  of  the  armature  winding, 
a  pulsating  current  always  in  the  same  direction,  the  inter- 
mediate impulses  in  the  opposite  direction  being  omitted,  is 
obtained  by  using  terminals  2  and  4,  Connecting  a  circuit 
to  2  and  4  gives  a  negative  impulse  in  the  wire  connected  to  2. 
3  connects  to  the  other  stationary  brush;  hence,  connecting 
a  circuit  to  3  and  4  gives  a  positive-pulsating  current  in  the 
wire  connected  to  5,  the  negative  impulses  being  omitted. 
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DETAILS    OF    POLARIZED    BELL    CONSTRUCTION 

45.  Electromaprnets. — The  cores  of  the  electromag- 
nets in  polarized  bells  should  be  of  the  best  quality  of  soft 
iron  obtainable.  An  imported  iron  from  Sweden  or  Norway 
is  used  for  these  parts  in  the  bells  of  the  best  manufacture. 
A  good  way  of  testing  the  quality  of  a  piece  of  iron  for  a 
ringer  core  is  to  stroke  it  across  the  poles  of  a  powerful 
electromagnet  in  exactly  the  same  manner  as  if  it  were  a 
bar  of  steel  that  it  was  desired  to  magnetize.  If  the  iron 
is  of  suitable  quality  for  the  purpose,  it  will  retain  prac- 
tically no  magnetism,  and  a  good  test  of  this  is  to  dip  one 
of  its  ends  into  iron  filings.  If  the  core  is  of  ordinary  iron,  a 
large  number  of  filings  will  adhere  to  it,  while  if  it  is  of  the 
best  grade  of  Norway  or  Swedish  iron,  properly  annealed, 
very  few,  or  none,  of  the  filings  will  cling  to  it.  In  no 
place  in  a  telephone  instrument  does  the  quality  of  iron  play 
a  more  important  part  than  in  the  ringer-magnet  cores;  for 
they  are  placed  in  a  weak  field  of  force,  due  to  the  prox- 
imity of  a  permanent  magnet,  and  the  strength  of  this  field 
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iBSt  be  rapidly  altered  by  the  allemaling  currents  from  a 
istani  generator.  If  ihe  cores  are  bard,  a  current  in  one 
Erection  will  set  up  magnetism  in  them,  which  il  will  be 
ficult  for  a  succeeding  current  in  the  opposite  direction  to 
;  and  inasmuch  as  impulses  alternately  opposite  in 
»:tion  follow  each  other  at  a  high  rate  of  speed,  each 
Sipulse  will  find  difficulty  iu  overcoming  the  effects  of  the 
loe  before  it. 

46.     Fmme. — The   frame   of    the    ringer    on  which    the 

lectromagnets  of  the  armature  is  mounted  assumes  widely 

flerenl  forms  in  different  styles  of  instruments,  and  fre- 

lenily  includes  the  permanent  magnet  and  the  yoke  piece. 

The  yoke  piece  completing  the  magnetic  circuit  between  the 

rear  ends  of  the  two  cores  should  be  of  the  same  quality 

of  iron  as   the   cores   themselves.      In    some  ringers,  this 

yoke  assumes  the  form  of  a  heavy  cast-iron  U-shaped  bar, 

rhich  supports  the  two  coils  at  opposite    ends.      This   is 

iry   detrimental  to   the  efficient    action  of  the  ringer,  as 

the   yoke    frequently   becomes   polarized    in    one    direction 

nr  the  other,  thus  causing  the   armature   lo  stick  to  such 

an  extent  that  il  cannot  be  freed  by  the  feeble  impulses  of 

current  coming  in  over  a  long  line  from  the  generator  at 

lolher  station. 

The  same  remarks  apply  to  the  armature  of  the  bell  that 

iwarries  the  striker  or  hammer;  even  the  base  should  not 

be  made  of  cast  iron.     In  general,  it  may  be  said  that,  in 

order  to  obtain  the  greatest  sensitiveness,  all  portions  of  the 

ictnre  of  the  ringer  that  form  a  part  of  Ihe  magnetic  cir- 

lit  should  be  of  the  finest  grade  of  soft  iron  procurable, 

Ih  the  exception  of  the  permanent  magnet,  which,  of  course, 

lould  be  made  of  hardened  steel. 

Some  makers  use  ordinary  cold-rolled  soft  steel  for  their 

gers.  and  while  the  parts  are  annealed  carefuliy,  they  are 

It  as  good  as  the  ringers  in  which  Norway  or  Swedish  iron 

is   used    for   the   cores,   base,  and  armature.     Any   screws 

included   in  this  magnetic  circuit  should  also  be  annealed. 

st^^l  is  used  is  partly  because  of  its 


42  MAGNETO-GENERATORS  AND  BELLS  §6 

cheaper  cost,  but  mostly  because  the  machine  work  is  much 
more  easy  than  with  Norway  or  Swedish  iron. 

The  gongs  should  be  made  of  brass  or  bell  metal,  not  of 
iron  or  steel,  and  they  should  be  heavily  plated  with  nickel. 

47.  Permanent  Ma^rnet. — The  stronger  the  permanent 
magnet,  up  to  a  certain  limit,  the  more  sensitive  will  the 
ringer  be.  The  steel  for  the  permanent  magnet  should  be 
of  the  same  quality  and  be  treated  and  magnetized  in  the 
same  manner  as  the  steel  used  for  the  permanent  magnets 
of  receivers  and  generators.  In  designing  bells,  care  should 
be  taken  that  the  permanent  magnet  is  not  included  directly 
in  the  magnetic  circuit  of  a  coil,  the  current  through  which 
is  reversed  in  direction,  because  in  such  cases  the  perma- 
nent magnet  is  very  apt  to  become  demagnetized  or  weak- 
ened to  such  an  extent  as  to  impair  the  efficiency  of  the 
apparatus;  for  if  the  lines  of  force  produced  by  the  coil  pass 
through  the  magnet  first  in  one  direction  and  then  in  the 
other,  the  magnet  will  be  alternately  weakened  and  strength- 
ened. The  result  of  this  alternate  strengthening  and 
weakening  of  the  permanent  magnet  will  be  to  gradually 
demagnetize  it,  because  the  strengthening  effect  produced 
by  one  impulse  will  not  be  as  great  as  the  weakening  effect 
produced  by  the  next  impulse.  A  bell  in  which  a  permanent 
magnet  is  included  in  the  magnetic  circuit  of  the  coil,  should 
be  avoided,  although  it  may  last  a  long  time  if  very  heavy 
currents  are  not  passed  through  it. 

48.  The  heads,  forming  with  the  cores  the  spools  on 
which  the  coils  are  wound,  are  usually  of  fiber  pressed  into 
position  on  the  cores  and  secured  thereto  by  friction  only. 
Before  winding,  the  core  is  carefully  insulated  by  a  layer  of 
oiled  paper.  The  wire  used  for  winding  the  coils  is -usually 
single-silk  insulated  and  of  a  size  suitable  for  the  conditions 
under  which  the  bell  is  to  be  used.  The  ordinary  polarized 
bell  magnets  for  use  with  the  common  form  of  series-tele- 
phone is  wound  with  No.  31  B.  &  S.  gauge  copper  wire,  each 
spool  having  a  resistance  of  from  50  to  60  ohms,  thus  giving 
the  two  spools,  when  placed  in  series,  a  joint  resistance  of 
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from  100  to  120  ohms.  This  figure  is  varied  between  wide 
limits  to  meet  different  conditions.  A  better  series-bell  may 
usually  be  obtained  by  winding  the  spools  with  No.  30 
B.  &  S.  wire  to  a  resistance  of  60  to  80  ohms.  The  80-ohm 
bell  used  by  the  Bell  companies  contains  4,200  turns  of  the 
No.  30  B.  &  S.  single  silk-covered  wire.  It  should  be 
possible  to  ring  an  80-ohm  bell  with  .08  ampere,  a  1,000-ohm 
bell  by  .02  ampere,  and  a  1,600-ohm  bell  having  20,000  turns 
by  .015  ampere. 

49*  Series  and  bridi^ing  bells  are  of  the  same  general 
construction.  Series-bells  are  used  where  one  or  more  bells 
are  connected  in  series  in  the  same  circuit;  therefore  the 
whole  current  passes  through  each  bell.  Bridging  bells  are 
used  where  one  or  more  bells  are  connected  across  the  same 
circuit.  Where  there  are  several  in  parallel  across  the  same 
circuit,  the  total  current  subdivides,  about  an  equal  amount 
flowing  through  each  bell.  In  this  case,  the  current  through 
each  bell  is  smaller  than  that  through  a  series-bell;  hence, 
more  turns  are  required  on  a  bridging  bell,  in  order  to  have 
the  same  number  of  ampere-turns  as  on  a  series-bell.  Hence, 
the  coil  must  be  made  larger.  .  The  coils  are  usually  made 
considerably  longer,  and  hence  bridging  bells  are  longer 
than  series-bells. 

50.  Biased  Bells. — Bells  adapted  to  be  rung  by  pul- 
sating currents  in  one  direction  only,  are  called  biased 
l>ells.  They  are  extensively  used  in  party-line  telephone 
systems.  It  has  been  explained  that  current  impulses  first 
in  one  direction  and  then  in  the  opposite  direction  will  cause 
first  one  end  of  the  armature  to  be  drawn  toward  its  core 
and  then  the  opposite  end  of  the  armature  toward  the  other 
core,  thus  ringing  the  bell.  If,  now,  the  current  impulses 
that  cause  the  armature  to  be  drawn  against  one  core  are 
omitted,  but  a  spring  is  used  to  force  the  armature  toward 
this  core,  impulses  in  the  opposite  direction  will  pull  the 
armature  against  the  other  core  in  spite  of  the  spring,  but 
between  each  impulse  the  armature  will  be  promptly  drawn 
back  by  the  spring  to  its  normal  position  against  one  core. 
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Thus,  a  series  of  impulses  in  the  proper  direction  separated  by 
equal  intervals  of  no  current  will  cause  the  hammer  to  hit  one 
gong  and  the  spring  will  cause  the  hammer  to  hit  the  other 
gong  alternately.  The  interval  of  no  current  between  two 
impulses  should  be  of  the  same  length  as  a  current  impulse. 
A  pulsating  current  of  the  character  represented  by  the 
full  lines  ABC  and  EFG  only  in  Fig,  20  is  suitable  for 
this  purpose.  The  only  effect  of  a  current  impulse  in  the 
opposite  direction  will  be  to  hold  the  armature  more  tightly 
in  the  normal  position.  Hence,  the  alternating  current  ordi- 
narily used  for  ringing  polarized  bells  will  also  ring  biased 
bells,  no  matter  in  which  direction  the  armature  is  biased  by 
the  spring.  However,  if  two  oppositely  biased  bells  are 
connected  in  parallel,  a  pulsating  current  in  one  direction 
through  both  bells,  will  only  ring  one  of  the  two  bells, 
while  a  pulsating  current  in  the  opposite  direction  will  ring 
only  the  other  bell,  but  an  alternating  current  will  ring  both 
bells.  Hence,  the  use  of  biased  bells  and  pulsating  currents 
enables  either  one  of  two  bells  in  the  same  circuit  to  be 
rung;   this  is  called  selective  ringing. 


ADJUSTMENT    OF    BELLS 

51.  Adjustment. — A  ringer  should  be  adjustable  in 
several  respects,  the  principal  one  of  which,  however,  is  the 
adjustment  between  the  relative  positions  of  the  bell  ham- 
mer and  the  gongs  between  which  it  plays.  The  best  way 
of  accomplishing  this  is  by  providing  for  a  lateral  move- 
ment of  the  supports  on  which  the  gongs  are  mounted. 
Another  adjustment  which  a  ringer  frequently  needs  is  in 
the  distance  between  the  armature  and  the  cores.  This  is 
accomplished  in  a  number  of  ways,  as  shown  in  connection 
with  the  various  bells.  In  order  to  get  the  most  sensitive 
results,  the  armature  should  be  as  close  as  possible  with- 
out sacrificing  the  length  of  a  stroke.  If  the  length  of  the 
stroke  is  too  short,  the  gongs  will  not  receive  a  sufficiently 
hard  blow.  The  armature  of  a  bell  should  have  a  play  of 
from  .015  to  .017  inch,  or  about  eV  inch. 
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lln  adjusting  the  nrmature  of  a  ringer,  it  should  be  placed 

k  that,  when  (he  chipper  is  in  the  middle  of  the  stroke,  both 

ids  of  the  armature  are  equidistant  from  the  poles  of  the 

setromagnet.  and  at  such  a  distance  from  the  poles  that, 

jhcn  the  armature  is  in  either  extreme  position,  the  clapper 

^es  Dot  quite  touch  the  gongs.     When  the  bell  is  rung,  the 

lasticitjr  of  the  hammer  rod  will  allow  the  gong  to  be  struck, 

taking  a  clear  and  loud  tone.    When  the  clapper  touches  the 

long  at  one  or  both  ends  of  the  stroke,  it  is  likely  to  muffle 

bell   by  interfering   with  the   vibration   of   the    gongs. 

ben  the  line  is  long,  the  armature  may  be  set  closer  to  the 

magnet,  and  also  Ihe  gongs  a  little  closer  together,     A  bell 

whose  armature  slicks  to  eilher  pole  is  not  well  constructed. 

I'    The  armature  must  be  arranged  so  that  it  cannot  touch  the 

^Bon  part  of  either  core. 

^H  Id  order  to  so  adjust  a  biased  bell  that  it  will  be  rung  by 

^B^^u'^^n'  '"  ot>^  direction  and  not  in  the  other,  the  armature 

shoald  be  so  placed  that,  with  the  biasing  spring  properly 

attached,  one  end  of  the  armature  should  be  drawn  against 

the  brass  pin  inserted  in  the  magnet  pole.    The  spring  should 

re  sufficient  tension  to  permit  the  hammer  to  be  thrown 

it  in  one  direction,  with  the  same  force  as  the  current 

firows  it  in  the  other  direction.     The  pivot  of  the  armature 

nnld  be  adjusted  so  as  to  have  no  looseness,  or  it  will 
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Amorlcnn  Hell  Rliigor. — One  form  of  polarized 
ell  used  by  the  Bell  companies  is  shown  in  Fig.  24,  in 
^icb  m,m  represent  the  electromagnets  wound  on  the 
t-iroD  cores  e.  (,  secured  at  their  upper  ends  to  the  yoke 
fece  y.  Brass  rods^,,?',  riveted  into  the  yoke  piece  y,  sup- 
I  at  their  lower  ends  a  bracket  b  having  two  projecting 
1  which  the  armature  a  is  pivoted  by  means  of  pivot 
s.i.  Carried  by  this  armature  is  the  hammer  h.  con- 
[stiDE  of  a  slender  brass  rod  and  a  ball  for  striking  the 
loDgs.  Carried  on  the  yoke  piece  y  is  the  permanent 
lasnet  NS,  bent  as  shown.     This  magnet  serves  to  give  the 
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yoke  y,  and  consequently  the  core  ends,  or  pole  pieces,  *,  /  a 
positive,  or  north,  polarity,  and  the  two  ends  of  the  arma- 
ture a  opposite  the  poles  e,  I  negative,  or  south,  polarity. 
Each  end  of  the  armature  will  therefore  be  attracted  with 
about  equal  force  by  the  two  poles  e,  I,  and  the  armature 
will  adhere  to  the  one  to  which  it  happens  to  be  the  nearer. 
The  coils  are  wound  in  opposite  directions,  so  that  a  cur- 
rent traversing  them  in  series  will  tend  to  make  one  of  the 
poles  positive  and  the  other  negative,  or  vice  versa,  accord- 


ing to  its  direction.     The  action  of  this  bell  should  be  clear 
from  the  explanation  previously  given. 

The  bell  shown  in  this  figure  is  the  size  used  in  series- 
telephones.  Bridging:  bells  are  longer  in  order  to  accommo- 
date longer  coils  of  higher  resistance  and  more  turns.  The 
1,000-ohm  bridging  bell  used  by  the  Bell  companies  has 
the  following  dimensions:  Distance  between  centers  of 
rods  gg  (see  Fig.  24),  1\  inches;  distance  O  (see  Fig.  25), 
between  centers  of  cores.  1}  inches;  diameter  of  cores  X, 
\  inch;  length  of  cores  7",  2j  inches;  length  of  winding 
space  on  coil  Z,  2h   inches;   thickness  ^of  fiber  heads  of 
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,  i  inch:  outside  diameter  of  spoo!  D,   \%  inch;  per- 

iTsianeiit  magnet,  width  Q,  i  inch;  thickness  E,  i^  inch;  length 

when  bent  V.  3t  inches;  length  of  armature  .-/,   if  inches. 

The  Ericsson  1,600-ohm  bell  has  the  following  dimensions: 

O,  lA  inches:  -V,  %  Inch;  T.  2i  inches;  Z.  2  inches;  D,  \  inch; 

Liff,  i  inch:  E,  A  inch;   W,  Vh  inches;    V.  Z\  inches;  .;.  Ill 

Kinches;  thickness  of  armature  P,  ti  inch;  the  length  of  tap- 

■  per  rod,  about  4^  inches. 

53.     KelloKK  Klngrer. — The  bell  manufactured  by  the 
,      Kellogg   Switchboard   and    Supply   Company   is   shown   in 
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Fio.  ai 
.  25  (a),  and  some  parts  in  (A).      In  this  hell,  the  gongs 
t  mounted  on  rigid  metal  posts  that,  in  turn,  are  adjustably 
Btened  by  machine  screws  to  the  same  frame  as  the  ringer 
lagnets,  and,  hence,  the  adjustment  is  independent  of  the 
tDodwork  of  the  telephone  case.     The  bell  is  adjusted  by 
■ryjng  the  distance  between  the  pole  pieces  and  the  arma- 
;  by  means  of  screws  in  the  pole  pieces,  which  are  readily 
moved  toward  or  from  the  armature  by  an  ordinary  wrench 
and  afterwards  locked  in  place  by  a  locknut.     It  is.  there- 
fore, unnecessary  to  bend  the  tapper,  or  rod,  or  change  the 
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adjustment  of  the  gongs  in  order  to  regulate  the  stroke  of  the 
tapper.  This  is  said  to  afford  a  very  delicate  adjustment  that 
remains  permanent  after  once  being  set.  A  further  advan- 
tage claimed  by  this  method  of  adjustment  is  that  it  allows 
the  ringer  to  be  so  designed  that  the  tapper  will  always 
strike  the  gongs  at  their  most  responsive  part,  regardless 
of  the  adjustment  of  the  armature.  All  the  coils  used  in 
these  ringers,  whether  for  series  or  bridging  instruments, 
are  made  of  the  long  type  and  are  interchangeable.  This 
allows  the  use  of  a  larger  size  wire  for  the  lower  resist- 
ance or  series  windings.  A  rivet  w  of  non-magnetic  material 
prevents  contact  between  the  iron  cores  and  the  armature. 
All  the  exposed  iron  and  steel  parts  are  copper  plated  and 
oxidized,  which  it  is  claimed  affords  much  better  protection 
from  corrosion  than  nickel  plating.     The  gongs  and  other 

j^  parts  of  the  ringer,  that  show  on  the 
1  outside  of  the  telephone  box,   hov/- 

I  ever,  are  nickel  plated  and  polished. 

IT)  Ringers  kept  in  stock  are  wound 
(■^^Sa^l^-m     to  80,  500,   1,000,  1,600,  2,500,  and 

^  ^^^^     ^'^^  ohms. 

P'«-2c  54.     The    Kellogg    leaf    biasing 

spring  for  use  with  the  same  make  of  bell  is  shown  in 
Fig.  26.  It  is  designed  to  slip  over  the  free  end  of  the 
permanent  magnet  and  to  hold  the  armature  against  one 
pole  piece.  It  is  also  used  in  their  two-party  selective  sys- 
tem to  prevent  the  discharge  of  a  condenser  used  in  the  bell 
circuit  from  causing  the  ringer  to  give  a  single  tap. 

55.     The  Dean  Electric  Company's  rlnflfer  is  shown 

in  Fig.  27  (rt),  and  the  various  parts  at  (^).  The  maximum 
pull  of  the  cores  on  the  armature  is  secured  by  making  the 
air  gap  as  small  as  possible.  This  is  accomplished  by  the 
use  of  a  non-magnetic  metal  ring  separator,  shown  at 
V,  Fig.  28  (a),  instead  of  the  usual  rivet-head  separatpr 
shown  at  u\  Fig.  28  (^).  When  the  rivet  w  becomes  worn 
or  the  armature  is  not  properly  adjusted,  the  armature  may 
touch  the  core,  thereby  causing  it  to  stick  or  ring  on  one 
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goag  only.     The  ring  separator  v  is  the  neck  of  the  brass 
spool  head  f  and  is  swaged  to  the  core  o  so  as  to  project 

I  bout  tsVj  inch  beyond  the  same.     This  forms  a  complete 
■ 


ing  on  which  the  armature  e  strikes  in  its  movement,  i 

ttgardless  of  poor  adjustment  of  the  ringer  or  length  of 

■oke,  it  can  never  touch  the  iron  of  the  core  and  stick. 
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very  close  working  distance  can  thus  be  utilized  without 
danger  of  this  trouble. 

This  ringer  is  adjusted  by  varying  the  position  of  the 
armature  support  h  and  locking  it  in  place  by  means  of  the 
hexagonal  nuts  m,  n  threaded  over  the  spool  necks. 

Ringers  that  do  not  depend  on  the  outside  mounting  for 
the  support  of  the  gong  posts,  are  usually  Htnited  to  one 
size  of  gongs.  This  limitation  is  very  ingeniously  avoided 
in  this  ringer  by  shaping  the  gong-post  adjustments  as 
shown  at  /  and  g.  Fig.  29.  With  the  posts  assembled  as 
^  illustrated  in  view  {a),  gongs 

from  2  inches  to  Sj  inches  in 
diameter  are  accommodated. 
while  wilh  the  posts  reversed 
to  opposite  ends  of  the  ringer 
frame,  as  shown  in  view  {b), 
gongs  from  2i  inches  to 
I?  inches  in  diameter  can  be 
accommodated.  With  the 
gong  post  in  either  of  these 
^^^  positions,  2a-inch  gongs, 
il^'il^^l  which  are  standard  for  all 
regular  iizt  telephones,  can 
be  used  and  adjusted  for  any 
practical  length  of  tapper 
stroke. 

Pig  jp  56.     StroraberK-Carl- 

son  muger.— In  Fig.  30  is 
shown  the  standard  bridging  ringer  made  by  the  Stromberg- 
Carlson  Telephone  Manufacturing  Company.  The  brass 
plate  /  is  forced  over  the  cores  and  binds  the  spools  in  place, 
and  the  plate  d  is  made  of  spring  brass  of  sufficient  thickness 
to  allow  as  much  adjustment  of  the  armature  as  may  ever  be 
necessary.  The  adjustment  of  the  ringer  is  effected  by 
turning  the  screw  b,  which  has  a  shoulder  resting  against 
plate  d,  while  the  lower  end  is  threaded  into  the  binding 
plate  /.     Turning  the  screw  b  to  the  right  causes  plate  d  to 
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be  drawn  downwards,  thus  bringing  the  armature  c  nearer 
ibe  cores  and  decreasing  the  movement  of  the  striker, 
L  Turning  ihe  screw  to  the  left  increases  the  distance  between 
I  the  annature  and  cores  and  increases  the  movement  of  the 
f  linker.  It  maybe  fitted  with  an  adjustable  spiral  spring  i 
P  for  inverting  it  into  a  biased  ringer. 


57.    Thi-ee-Pole  Klnger. — A  ringer  at  one  time  exten- 

ively  advertised  is  shown  in  Fig.  31,  in  which  f  is  a  perma- 

tent  magnet,  so  magnetized  as  to  have  one  of  its  poles  at  its 

jenier  N,  the  two  ends  forming  poles  of  like  polarity.    Thus, 

he  center  of  the  permanent  magnet  A'  is  of  north  polarity, 

•  two  terminals  S,  S  will  be  of  south  polarity.     The  coil 

insists  of  a  single  spool  having  a 

joft-iron  bar  for  a  core,  riveted  to 

iro  heads  P.  P'  of  very  soft  sheet 

These  two  heads  are  secured 

I  the  inner  faces  of  the  ends  of  the 

lermanent  magnet  by  means  of  prop- 

irly  bent  lugs  ;>,/and  screws  o.o. 

i    armature  Q   is   pivoted   at   its    u^ 

ter  within  a  yoke  piece  j?  adjust- 

y  mounted  in  a  bushing  7"  secured 

»  the  center  of  the  permanent  mag-  "" 

The  distance  between  the  ends 
'.  the  armature  and  the  pole  pieces  P.  P'  may  be  adjusted 
sliding  the  rod  supporting   the  yoke  piece   within   the 
nsfaing,  it  being  clamped  in  place  by  the  setscrew  /. 

The  magnetic  lines  pass  the  center  point  A'  of  the 
(•shaped  magnet  to  the  center  of  the  armature,  where  they 
iHvide.  half  passing  one  way  through  the  armature  to  the 
(ole  piece  /*  and  half  passing  in  the  opposite  direction  to 
;  pole  piece  P;  thence  they  continue  through  each  pole 
;  lo  the  extremities  S.  S  oi  the  permanent  magnet,  and 
[  to  the  center  point.  It  will  be  seen  that  the  core  of  the 
nil  forms  no  part  of  this  circuit,  because  both  its  ends  are 
f  the  same  polarity.  When  the  single  coil  is  traversed  by 
k  carreni  in  one  direction,  the  core  is  magnetized,  and  the 
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return  path  of  its  magnetic  circuit  is  through  the  soft-iron 
armature  Q,  Under  normal  conditions,  the  ends  of  the  arma- 
ture Q  are  attracted  with  equal  force  by  the  pole  pieces, 
and  the  armature  will  therefore  stick  to  either  one  or  the 
other,  according  to  which  it  happens  to  be  nearest.  If  the 
current  through  the  coil  is  of  such  direction  as  to  tend  to 
impart  a  north  polarity  to  the  pole  P'  and  a  south  polarity  to 
the  pole  P,  the  pole  P^  will  be  weakened  and  the  pole  P 
strengthened,  so  that  the  armature  will  be  attracted  by  the 
latter.  By  reversing  the  current,  the  armature  is  drawn  in 
the  opposite  direction. 

The  advantage  claimed  for  this  ringer  was  the  fact  that  no 
lines  of  force  pass  normally  through  the  core,  which  is  there- 
fore in  a  condition  to  be  most  readily  affected  by  the  magnet- 
izing force  of  the  coil.  This  bell  was  made  by  the  Williams 
Electric  Company.  The  Williams- Abbott  Co.*  made  a  some- 
what similar  bell.  In  the  Williams  and  Williams-Abbott 
ringers,  the  permanent  magnet  was  quite  long  and  of  suffi- 
ciently high  reluctance  so  that  very  few,  if  any,  of  the  lines 
of  force  produced  by  the  current  in  the  coil  pass  through  it. 
The  greatest  drawback  to  this  style  of  ringer  is  probably 
due  to  the  fact  that  it  is  difficult  to  get  a  high-wound  coil 
without  making  the  ringer  too  large,  or  using  too  thin  wire 
for  winding  the  coil.  The  former  is  not  desirable  on  account 
of  the  size,  while  if  a  very  fine  wire  is  used,  the  ringer  is  too 
easily  burnt  out.  This  type  of  ringer  is  no  longer  made  and 
is  rapidly  going  out  of  use,  probably  because  it  has  not 
proved  as  efficient  and  durable  under  practical  conditions  as 
the  ordinary  standard  type  of  ringer. 


CIRCUITS  OF  TELEPHONE 

INSTRUMENTS 


LOCAL-BATTERY  TELEPHONES 

1.     Telephone  Instruments  may  be  divided  into  three 
general  classes,   as  follows:   The   first  class,  called  local- 
mitery  telephones,  includes  all  telephones  having  prim- 
iry  batteries  in  or  near  them  for  supplying  current  to  the 
-aosmitiers,  and  magneto-generators  for  signaling  purposes. 
second     class,    called     local-battery     talklag     and 
■ominou- battery    »l|rDaIln{jc    telephones    and    used    on 
iommon-baltery  supervisory  systems,  have  a  local  battery 
for  supplying  current  to  the  transmitter,  but  the  central  office, 
which   the   telephone   lines  connect  it.   supplies  current 
■ora  a  common  battery,   there  located,  for   signaling   pur- 
poses; no  magneto-generator  is  required.     The  third  class, 
called  eommon-bnttery,  or  oentral-euer(ej'T  telephones, 
_reqaires  no  local  batlery  or  magneto-generator;  all  current, 
■  both  talking  and  signaling  purposes,  is  supplied  from 
me  common  battery  located  at  the  central  office,  lo  which 
the   line   wires   connect    the   telephone.     There    are   some 
fostrumenis  that  are  not  included  in  the  above  classes,  but 
[hey  cannot  be  classified  very  well. 

The  connections  of  local-battery  instruments,  which  include 
leries  and  bridging  telephones  of  both  the  wall  and  desk 
ttttems,  will  be  presently  considered.  The  other  two 
plasses  of  instruments  usually  have  an  ordinary  polarized 
varying  in  resistance  from  about  8(1  lo  -'i.OnO  ohms 
Ksometimes  in  series  with  a  condenser  of  about  2  microfarads 
ttpacity]  connected  across  the  line  circuit,  or  between  one 

rrixUtd  »>  /-trrnal<.»uil  Tr.rl^mt  Compamr.    EiWtd  al  Slai'OHiri-  //all.  lomSim 
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line  wire  and  the  ground,  when  the  receiver  rests  on  the 
hook  switch.  No  generators  are  required,  as  the  central 
office  is  signaled  by  the  mere  removal  of  the  receiver  from 
the  hook.  The  transmitters  and  receivers  are  arranged  in 
about  the  same  manner  in  local-battery  talking  and  common- 
battery  signaling  telephones  as  in  ordinary  local-battery 
telephones;  but  in  central-energy  telephones,  they  are 
arranged  in  various  ways.  The  circuits  of  central-energy 
and  local-battery  talking  and  common-battery  signaling  tele- 
phones depend  somewhat  on  the  exchange  system  with 
which  they  are  used  and  can,  therefore,  be  shown  better  in 
connection  with  switchboard  diagrams. 

2.  Functions  of  Hook  Switches. — The  apparatus  for 
sending  and  receiving  articulate  speech  and  signals  per- 
form entirely  separate  functions,  and  although  they  are 
never  in  use  at  the  same  time,  both  are  absolutely  essential 
to  the  successful  working  of  an  instrument.  In  order  that  a 
separate  circuit  need  not  be  provided  for  the  calling  and  the 
signaling  apparatus,  arrangements  are  made  by  which  the 
two  sets  of  apparatus  may  be  alternately  switched  into  and 
out  of  the  line  circuit.  It  is  necessary  that  the  call-receiving 
device — the  ringer — shall  be  left  in  the  circuit  during  the  idle 
periods  of  the  instrument,  in  order  that  an  incoming  call  may 
be  sounded.  As  soon,  however,  as  a  call  is  received  or 
sent,  there  is  no  more  need  of  the  calling  apparatus,  and  the 
telephone  apparatus  proper  is  then  brought  into  the  circuit. 
The  two  are  never  left  in  the  circuit  at  the  same  time, 
because  it  would  then  be  necessary,  in  signaling,  for  the 
generator  currents  to  pass  through  the  talking  apparatus; 
and,  in  talking,  for  the  telephone,  or  voice  currentSy  to  pass 
through  the  signaling  apparatus.  This  alternative  switching 
of  the  talking  and  signaling  apparatus  into  the  circuit  was  at 
first  accomplished  by  ordinary  hand  switches,  but  it  was  soon 
discovered  that  people  could  not  be  relied  on  to  operate  them 
intelligently;  as  a  remedy  to  what  seemed  at  first  a  most 
serious  trouble,  a  device  was  designed  to  accomplish  these 
changes  of  circuit  automatically,  without  the  volition  of  the 
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user  of  the  telephone.     Such  devices  are  termed  hook  switches 
and  are  usually  operated  by  the  weight  of  the  receiver. 

The  book  s^v-itch  usually  consists  of  a  lever  pivoted  at 
one  end  and  provided  with  a  hook  or  fork  forming  a  con- 
venient support  for  the  receiver.  The  lever  is  normally 
pressed  upwards  by  a  spring,  the  strength  of  which,  how- 
ever, is  not  sufficient  to  hold  the  lever  in  its  raised  position 
when  subjected  to  the  weight  of  the  receiver.  By  the  up-and- 
down  motions  of  the  lever,  certain  contacts  are  made  or 
broken,  which  bring  about  the  desired  changes  in  the  circuits. 


CIRCUITS  OP  liOCAIi-BATTERY  TEIiEPHONES 


POST  Telephone  circ?uit 

3.  A  primary  knowledge  of  the  operation  and  functions 
of  the  hook  switch  may  be  best  understood  by  considering 
the  circuits  of  a  telephone  instrument.  The  Post  method 
of  connecting  the  various  devices  used  in  a  series-telephone 
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of  the  local-battery  class  is  shown  in  a  simplified  form,  for 
convenience  of  illustration,  in  Figs.  1  and  2,  the  former  repre- 
senting  the  circuits  as  they  exist  when  the  receiver  is  on  the 
hook,    and    the    latter,    the   circuits   when   the   receiver   is 
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removed  from  the  hook.  The  circuits  that  are  in  operation 
in  each  case  are  represented  by  full  lines,  and  those  that 
are  idle,  by  dotted  'lines.  In  Figs.  1  and  2,  A,  A'  represent 
the  binding  posts  of  the  telephone  instrument  as  a  whole,  in 
which  the  line  wires  Z,,  U  terminate.  H  is  the  hook-switch 
lever  pressed  upwards  by  the  small  spring  s  against  the  two 
contacts  c,  d.  When,  however,  it  is  subjected  to  the  weight 
of  the  receiver,  as  shown  in  Fig.  1,  the  lever  is  depressed 
against  the  tension  of  the  spring  s  in  such  a  manner  as  to 
open  the  contacts  r,  d  and  make  a  contact  with  e, 

4.     Hook  Liever  Down. — When  the  hook  is  in  the  posi- 
tion shown  in  Fig.  1,  the  circuit  may  be  traced  from  the  line 
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wire  L  and  the  binding  post  A  through  the  wire  a  to  the  gen- 
erator G,  thence  through  the  bell  C  to  the  contact  point  e  of 
the  hook  switch.  As  this  point  is  in  metallic  contact  with  the 
lever  H,  the  circuit  is  rendered  complete  through  the  wire  / 
to  the  binding  post  A*  and  to  the  line  wire  L\  or  to  the 
ground,  in  case  a  ground  return  is  used.  In  this  position, 
the  circuits  containing  the  talking  apparatus,  consisting  of  the 
transmitter  Z",  the  battery  B,  the  receiver  R^  and  the  primary 
and  secondary  coils  /*,  5*,  are  all  open  at  the  contacts  r,  d. 

* 

5.     Hook   tiever   Up. — When  the  receiver  is  removed 
from  the  hook,  the  lever  rises  and  breaks  contact  with  the 
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Dint  e,  thus  rendering  the  branch  of  the  circuit  containine 
x  eenerator  G  and  the  polarized  bell  C  inoperative.     By 
aking  contact,  however,  with  the  points  e  and  d,  two  new 
lits  are  closed,  one  of  which  may  be  traced  from  the  line 
e  L  through  the  receiver  R  and  the  secondary  coil  S  of 
le  induction  coil  to  the  point  d  of  the  hook,  and  thence  by 
Deans  of  the  hook  lever  and  the  wire  /  to  the  line  wire  L' 
r   ground,    as   the    case    may   be.     Thus,    the   circuit   for 
looming  voice  currents  from  a  distant  station,  or  for  out- 
Ding  voice  currents  originating  in  the  secondary  coil  5"  by 
iduction  from    the   primary  circuit  P,  is  made  complete. 
nolher  circuit  containing  the  transmitter  T,  the  battery  B, 
ad  the  primary  P  is  closed  by  virtue  of  the  hook  lever 
laking  contact  with  both  the  points  c  and  d.     This  is  the 
seal  circuit  of  the  telephone  instrument  in  which  the  trans- 
Bitter  acts,  as  already  described, 
The  circuit  closed  when  the  switch  is  down  is  known  as 
e  ealling,  or  sfg-»a!r'»g,  circuit;   the  circuit  containing  the 
Bceiver  and   the  secondary  winding  of  the  induction  coil, 
nd  closed  when  the  switch  is  up,  as  the  secondary  talking 
ircuit,  or  simply  the  secondary  circuit;   and  the  circuit  con- 
ining    the    transmitter,    battery,    and    the    primary  of   the 
lucUon  coil,  as  the  local  transmitter,  or  primary  talking 
xtai,  or  simply  the  primary  circuit. 


WESTERN    ELECTPIC    NO.    S    TELEPHONE    CIRCUIT 

6.  The  method  of  connecting  the  magneto-bell  and  tele- 
ibone  shown  in  Fig.  3  is  known  as  the  Western  Electric 
3fo.  2  dlagfraiu;  it  has  been  used  quite  extensively  by  the 
Bell  Telephone  Company.  The  circuits  can  be  readily  traced 
by  the  reader.  It  will  be  noticed  that  the  signaling  circuit 
id  the  secondary  talking  circuit  are  always  connected  to  the 
ic  wires;  neither  are  ever  on  open  circuit,  but  each  is 
lort-circuited  when  it  is  not  in  use  by  the  wires  m  and  w, 
ispcclively.  That  is.  when  the  switch  ff  is  down,  the 
iver  and  secondary  coil  are  short-circuited  by  the  wire  n, 
primary  circuit  being  on  open  circuit;  when  the  switch  is 
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up,  the  generator  and  bell  are  short-circuited  by  the  wire  m 
and  the  primary  circuit  is  closed  at  c. 
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HOOK    SWITCHES 


7.  The  Warner  liook  swlteb,  shown  in  Fig.  4,  has 
been  used  extensively  by  the  American  Bell  Telephone 
Company.  The  lever  /  carrying  the  hook  forming  the 
receiver  support  on  its  outer  end  is  pivoted  to  a  bracket 
screwed  to  the  inside  of  the  magneto-box.  The  lever  is 
held  in  the  position  shown,  when  released  from  the  weight 
of  the  receiver,  by  the  action  of  the  spring  e  pressing  against 
the  rubber  knob  /.  In  this  position,  a  knife  edge  formed 
on  the  short  arm  a  of  the  lever  makes  contact  with  the 
springs  <:,  dy  which  press  outwardly  from  the  side  of  the 
box,  thus  not  only  putting  them  in  metallic  contact  with 
the  lever,  but  electrically  connecting  them  with  each  other. 
When  the  hook  is  depressed,  the  metallic  pin  k  on  the  under 
side  of  the  lever  makes  contact  with  the  springs,  thus  making 
electrical  contact  between  the  lever  and  that  spring.  At 
the  same  time,  the  knife  edge  on  the  arm  a  of  the  lever  is 


17     CIRCUITS  or  TELEPHONE  INSTRUMENTS 


V, 


nthdrawn  hom  contact  with  the  springs  c  and  d.  which  now 

Brest  against  the  hard-rubher  block  b  carried  on  the  under  side 

of  the  short  arm  of  the  lever,  as  shown.    The  springy  always 

presses  against  the  rounded  portion  of  the  lever,  so  as  to 

^hisiire  a  perfect  contact  between  it  and  the  bracket,  it  having 

^Keen  found  that  the  contact  through  the  pivot  screw  could 

^Bot  be  relied  on  for 

^Bransmitting  the 
feeble  voice  currents. 
AJl  contact  points  on 
this  hook  are  faced 
with  platinum. 
order  that  they  : 

^be   bright   and  clean 

^B(k1  not  subject  to  cor- 

^^psion,    either    from 

^Ktmospberic  influence 
or  from  sparking, 

wbicb  often  takes  place  when  the  current  is  broken  A 
slight  rubbing  action  also  takes  place  between  all  the  sur 
faces  when  the  circuits  are  made  or  broken  which  further 
tends  toward  preserving  clean  bright  contacts  This  hook 
wttdi,  although  very  simple,  represents  a  development 
ained  only  after  several  years  of  actual  experience. 


I  8.     Prevention   of  Poor  Contacts. — One  of   the  chief 

burccs  of  trouble  in  a  telephone  is  the  hook  switch,  when 

;  is  not  properly  designed  and  constructed.     The  slightest 

tide  of  dust,  entirely  invisible  to  the  eye,  lodging  between 

:  contact  surfaces  on  the  springs  and  on  the  lever,  will 

[nently  cause  an  open  circuit  or  a  point  of  such  high 

istancc  that  it  amounts  to  the  same  thing.     Again,  a  loose 

mtact  between  the  two  springs,  especially  if  it  be  in  cir- 

ilit  with  the  Iransmitler  battery,  may  cause  intermittent  and 

sedingly  disagreeable  noises  in  the  receiver,  which  may 

lirelj'  prevent  the  transmission  of  speech.     As  a  rule,  the 

Hgnaliiig  contacts,   that  is.  those  closed  by  the  switch  to 

nplete  the  signaling  circuit  when  the  telephone  13  out  of 
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use,  do  not  give  so  much  trouble  as  those  that  are  used  to 
complete  the  transmitter  and  receiver  circuits. 

It  will  be  noticed  that  any  one  of  the  springs  c^d^  or  e 
bears  alternately  on  a  rubber  block  when  the  hook  is  in  one 
position,  and  on  a  metallic  contact  on  the  lever  when  the 
hook  is  in  the  other  position;  thus,  the  spring  c  bears  on  the 
rubber  block  b  when  the  hook  is  depressed  and  on  the  metallic 
knife  edge  on  the  short  arm  a  when  the  hook  is  raised.  This 
change  of  contact  is,  however,  accomplished  without  drag- 
ging the  spring  alternately  over  one  and  then  over  the  other; 
that  is,  the  rubber  block  b  and  metallic  knife  edge  a  never 
rub  or  touch  the  same  part  of  the  spring  c.  Many  hooks 
have  been  designed  that  brought  about  changes  in  the 
circuits  that  neglected  this  point,  and  have  always  resulted 
in  failure,  because,  in  passing  from  the  rubber  to  the  metal 
surface,  a  small  portion  of  the  rubber  would  adhere  to  the 
metal,  thus  forming  a  partially  insulated  path;  again,  in 
passing  from  the  metal  to  th^  rubber,  the  metallic  particles 
from  the  former  would  be  deposited  on  the  latter,  thus 
forming  on  it  a  partially  conducting  surface.  Such  sliding 
contacts  as  these  should  be  carefully  avoided,  and  this  is 
cleverly  done  in  the  Warner  switch.  Another  serious  diffi- 
culty that  often  arises  in  hook  switches  is  that  due  to  cutting 
between  the  various  contact  surfaces.  This  will  invariably 
occur  where  a  long  sliding  contact  takes  place  between  the 
lever  and  the  various  springs.  The  amount  of  energy 
available  for  moving  the  switch  is  limited  by  the  weight  of 
the  receiver,  and  it  frequently  happens  that  where  these  long 
sliding  contacts  take  place,  the  surfaces  become  so  rough- 
ened, due  to  the  cutting  action  between  them,  that  the 
restoring  spring  does  not  have  the  power  to  raise  the  lever 
when  the  receiver  is  removed,  or  the  receiver  does  not  have 
the  power  to  pull  it  down  again  when  placed,  on  the  hook. 

No  contact  should  be  made  with  the  lever  of  a  hook  switch 
through  the  pivot  on  which  the  lever  moves.  If  contact  with 
a  moving  lever  is  necessary,  it  may  be  made  through  a  very 
flexible  spiral  of  rather  small  wire,  one  end  of  which  is 
soldered  to  the  lever  and  the  other  end  to  a  firmly  fixed  wire, 
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or  terminal  of  some  sort.  The  ends  of  the  hook  levers  are 
now  usually  ring-shaped  and  of  sufficient  diameter  to  prevent 
their  accidentally  entering  the  aperture  of  the  receiver  ear 
cap  and  thus  bend  the  diaphragm. 

9.  Williams  Hook  Switch. — The  hook  switch  made 
by  The  Williams  Telephone  and  Supply  Company,  shown  in 
Fig.  5,  illustrates  a  type  that  many  companies  are  now 
making.  The  lifting  spring  s  is  made  of  tempered  steel. 
There  are  four  springs  with  genuine  platinum  contacts,  which 
are  said  to  give  a  positive  electric  contact  in  all  climates  and 
under  all  conditions  of  moisture  and  temperatiu-e. 


Fig.  6 

When  the  receiver  rests  on  the  hook,  the  springs  dy  c  are 
in  contact;  when  the  receiver  is  off  the  hook,  the  springs  r,  b,  a 
are  all  in  contact.  No  electrical  circuit  passes  through  the 
lifting  spring,  hinged  joint,  or  the  frame,  thereby  eliminating 
the  possibility  of  loose  contacts,  which  are  difficult  to  locate. 
The  hook  switch  is  self-contained  and  can  be  taken  out  with- 
out disturbing  the  other  parts  of  the  telephone. 

10.  Dean  Hook  Switch. — The  standard  hook  switch 
of  The  Dean  Electric  Company  is  shown  assembled  in 
Fig.  6  (fl)  and  with  the  hook  lever  and  part  of  the  contact 
springs  removed  in  Fig.  6  {b).  It  is  self-contained,  even 
to  the  escutcheon  a  that  serves  as  the  means  of  fastening 
the  switch  to  the  telephone  cabinet;  thus,  no  dependence  is 
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placed  on  the  woodwork  for  the  proper  operation  of  its 
parts.  The  escutcheon  a  and  framework  b  are  from  one 
piece  of  sheet  steel  formed  into  shape.  The  contact 
springs  c  are  mounted  on  a  small  metal  block  d^  which  is,  in 
turn,  fastened  to  a  projection  e  of  the  main  frame.  In 
this  way,  any  combination  of  springs  necessary  to  adapt  the 
switch  to  different  telephone  circuits  can  be  assembled  and 
kept  in  stock,  the  remainder  of  the  hook  switch  being  inter- 
changeable.    The    switch    springs    are    made    of    German 
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silver  with  pure  platinum  contact  points  and  are  insulated 
from  each  other  and  the  mounting  block  by  hard  rubber. 

This  switch  has  a  removable  hook  lever  k  that  allows  this 
part  of  the  mechanism  to  be  readily  removed  from  the  tele- 
phone for  convenience  in  packing  and  to  prevent  damage 
in  shipping  and  handling.  When  the  hook  lever  is  inserted 
in  place,  its  slotted  end  straddles  the  fulcrum  /,  while  the 
finger  g  of  the  intermediate  lever  //  engages  the  notch  /, 
thereby    securely    locking   it   in   place.     The    intermediate 
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lever  is  pivoted  on  the  stud  /  and  is  provided  with  a  sec- 
ond finger  /,  which  is  slotted  so  as  to  engage  and  actuate 
the  contact  springs  c.  The  main  spring  m  of  the  hook 
switch  has  an  upward  tension  directed  against  the  left- 
hand  portion  of  the  intermediate  lever  A,  which  forces  the 
latter  into  engagement  with  the  hook  lever  k  through  the 
agency  of  finger^.  Thus,  the  one  spring  serves  the  pur- 
pose of  locking  the  hook  lever  in  place  and  operating  the 
contact  springs  when  the  receiver  is  removed.  When  once 
inserted,  the  hook  can  only  be  removed  by  opening  the  lid 
of  the  telephone  box  to  reach  and  release  the  locking 
finger  g,  which,  when  depressed,  disengages  the  notch  i 
and  allows  the  hook  to  be  readily  withdrawn.  The  ends 
of  the  hook  are  made  ring-shaped  and  of  sufficient  diam- 
eter to  prevent  their  accidentally  entering  the  aperture  of 
the  receiver  ear  cap  and  thus  denting  the  diaphragm. 

11.  Kellogrg:  Hook  Switcli. — The  Kellogg  hook  switch 
is  shown  in  Fig.  7  (a).  The  mounting  lug,  or  base,  on  which 
all  the  parts  are  assembled,  and  the  springs  are  shown  sepa- 
rately at  (^).  The  back  portion  of  the  base  is  provided  with 
tapped  holes  v^  v  whereby  the  entire  switch  mechanism  is 
mounted  with  machine  screws  in  the  telephone  box;  this 
forms  the  only  fastening  necessary,  as  all  the  parts  are 
mounted  on  this  base.  The  contact  springs,  after  being 
assembled,  are  securely  fastened  to  the  mounting  lug  with 
two  machine  screws  o,  p  and  all  of  them  are  insulated  from 
the  hook  lever  and  frame.  The  hook  q  fits  over  the  pin  r, 
which  is  rubber-covered.  The  contact  points,  which  consist 
of  platinum  rivets  through  German-silver  springs,  have 
their  conical  points  turned  upwards  so  as  to  prevent  poor 
electrical  connections  due  to  the  accumulation  of  dust  and 
foreign  matter.  The  slight  wiping  action  between  the 
springs  also  tends  to  keep  the  contact  points  clean  while 
the  springs  are  exposed  and  open  for  inspection.  The  brass, 
nickel-plated,  and  polished  lever  is  held  in  place  over  the 
pivot  rod  by  a  lock  screw  s  inserted  from  the  top,  as  shown 
in  Fig.  7   (c).     The  mounting  lug  and  slot  in  the  end  of 
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the  lever  are  shown  in  this  figure.  While  this  construction 
allows  the  lever  to  be  readily  removed  and  replaced,  it  also 
prevents  it  from  coming  loose.  The  lower  rear  end  of  the 
lever  has  a  projection  w  that  forms  a  stop  to  prevent  the  main 
spring  n  from  forcing;  the  hook  above  its  working  position. 
The  main  spring  w,  which  is  made  of  German  silver  to  pre- 
vent corrosion,  acts  on  the  lever,  which  moves  through  a 


short  distance  only,  with  little  or  no  sliding  friction,  thus 
making  the  action  of  the  hook  switch  light  and  positive. 

The  hook  is  held  down  by  tlie  weight  of  the  receiver,  which 
causes  the  contact  spring  c  to  make  a  firm  contact  with  6  and 
6  with  a;  thus,  in  this  position,  the  three  springs  a,  6,  andf 
are  electrically  connected  together.  When  the  receiver  is 
removed  from  the  hook,  the  spring  «  lifts  the  hook,  first 
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"aliDg  the  springs  a,  b,  and  c  from  one  another  and  then 
to  make  a  firm  contact  with  d  and  d  with  e.  In 
this  position,  the  three  springs  c,  d,  and  e  are  electrically  con- 
nected together.  This  type  of  hook  switch  is  used  for  both 
central-energy  and  magneto  systems.  Evidently  the  number 
of  spring  contacts  above  or  below  the  spring  c  may  be  dimin- 
ished or  increased,  or  some  of  the  springs  may  be  left  idle, 
I      or  the  middle  spring  c  may  have  an  insulating  piece  on  the 

|k>p  or  bottom  of  its  front  end  so  that  it  will  make  connection 
pnly  with  the  springs  below  or  only  wilh  the  springs  above 
h.  Thus,  this  type  of  switch  may  be  made  suitable  for 
lUmost  any  system. 
The  weight  of  the  receiver,  should  it  be  dropped  or  left 
banging  by  the  cord,  is  borne  by  the  cord  m  and,  therefore, 
no  strain  ever  comes  on  the  flexible  receiver  conductors  or 
on  the  terminal  screws  to  which  the  latter  are  connected. 
The  cord  m  is  fastened  inside  the  receiver  also,  so  as  to 
take  the  weight  of  the  receiver  off  the  receiver  conductors. 
There  are  no  exposed  connecting  posts  or  screws,  either 
I  oo  the  receiver  or  on  the  outside  of  the  box  casing.  Hence. 
;  no  exposed  metal  connections  from  which  a  sub- 
a'iber  can  receive  a  shock  while  handling  the  receiver  or 
n  by  touching  the  hook,  as  might  otherwise  happen  if 
line  were  crossed  with  a  power  or  lighting  circuit, 
"urthermore,  there  are  no  exposed  screws  for  persons  so 
:Iined  to  meddle  wilh.  There  are  about  as  many  forms  of 
Switches  as  there  are  manufacturers. 


COMPLETE  TELEPHONE  INSTRUMENTS 
.  A  complete  telephone  Instrnincnt  includes  all 
e  apparatus  necessary  for  transmitting  and  receivmg  both 
ipeech  and  signals,  and  the  auxiliary  switching  device  for 
ringing  either  one  or  the  other  set  of  apparatus  into  use, 
I  desired.  The  circuits  in  which  these  various  parts  are 
SOnnected  were  shown,  in  a  general  way,  in  Figs.  I  and  3. 
I  those  figures,  however,  all  details  of  the  circuits  were 
mitted  for  the  purpose  of  rendering  the  general  principles 
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involved    more   clear.     Local-battery    telephones    may    be 
divided   into   series   and   bridging    instruments. 

13,  Party  Ijines. — Such  an  instrument  as  that  shown 
in  Figs.  1  and  3  is  termed  a  series- teleplione.  It  is  some- 
times necessary  to  connect  more  than  one  telephone  instru- 
ment to  one  line,  which  is  then  termed  a  party  line,  or, 
more  properly,  a  many-party  line.  Obviously,  two  methods 
present  themselves  of  connecting  telephones  to  such  a 
line;  one  being  to  connect  them  in  series,  so  that  the  circuit 
of  the  line  will  pass  through  one  instrument,  then  through 
the  next,  and  so  on  through  the  entire  number.  Instruments 
adapted  for  such  use  are  termed  series-telephones,  and  are 
often  said  to  be  looped  in  the  line.  The  other  method  is  to  con- 
nect the  instruments  in  multiple,  that  is,  in  such  a  manner  that 
all  the  telephones  are  in  parallel  branches  or  bridges  between 
the  two  sides  of  the  line.  The  best  practice  now  dictates  the 
parallel  connection  of  instruments  with  the  line;  and  inasmuch 
as  an  instrument  so  connected  forms  a  bridge  between  the 
two  sides  of  a  circuit,  such  instruments  are  called  bridg^in^ 
instruments.  

SERIES-INSTRUMENTS 

14.  Complete  Post  Telephone. — By  a  series-instru- 
ment is  meant  one  in  which  the  ringer  and  the  generator, 
when  in  operation  and  therefore  not  short-circuited  by  the 
automatic  shunt  device,  are  connected  in  series  with  each 
other  across  the  binding  posts  of  the  instrument  when  the 
lever  switch  is  in  its  normal,  down  position.  Both  the  Post 
and  Western  Electric  No.  2  circuits  are  used  in  series- 
telephones. 

In  Fig.  8  are  shown  the  various  parts  of  a  complete  Post 
telephone,  connected  in  circuits  as  they  are  in  actual  practice 
in  subscribers'  telephone  sets.  G  is  the  magneto-generator, 
C  the  ringer,  R  the  receiver,  T  the  transmitter,  H  the  hook 
switch,  B  the  battery,  and  5  and  P  the  secondary  and  pri- 
mary, respectively,  of  the  induction  coil.  A  and  A'  are  the 
binding  posts  of  the  instrument,  to  which  the  line  wires  are 
attached. 
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15,  Calling:  Circuits. — ^When  the  receiver  is  on  the 
hook  Hy  the  circuit  through  the  instrument  may  be  traced  as 
follows:  Starting  at  binding  post  Ay  a  current  will  pass  by 
wires  a  and  b  to  the  armature  spring  of  the  generator;  two 
paths  will  then  be  presented,  one  through  the  armature 
winding  to  the  frame  of  the  generator  and  to  the  wire  g^  and 
the  other  through  the  shunt  w^ire  s,  shunt  spring  and  collar 
on  the  generator  shaft  to  the  frame  of  the  generator  and 
wire  gy  as  before.  As  the  latter  path  is  a  short  circuit  of 
almost  no  resistance,  especially  when  compared  to  that  of  the 
armature  winding,  practically  all  the  current  will  pass  through  ' 
it.  From  the  wire  g,  the  current  will  pass  through  the  upper 
hinge  h  on  the  lid  of  the  box,  thence  through  the  coils  of  the 
polarized  bell  C,  and  thence  by  wire  /,  lower  hinge  A,  and 
wire  j  to  the  lower  contact  of  the  switch.  When  the  lever  is 
depressed,  the  current  will  pass  through  it  and  by  wire  /  to  the 
return  side  of  the  line  or  to  the  ground,  according  to  whether 
a  metallic  circuit  or  a  grounded  circuit  is  used.  An  alterna- 
ting current  from  another  station,  passing  over  this  path,  will 
cause  the  bell  to  ring,  and  thus  give  the  desired  signal.  In 
sending  a  signal,  the  circuits  will  be  the  same  as  in  receiving 
one,  with  the  exception  that  the  by-path  formed  by  the  shunt 
wire  s  will  be  broken,  due  to  the  turning  of  the  crank. 

The  bell  used  in  a  series-telephone,  being  connected  in 
series  with  the  line,  should  have  not  only  a  low  resist- 
ance, from  60  to  120  ohms,  but  especially  a  low  inductance. 
It  is  therefore  wound  with  few  turns  of  a  large-sized  wire  com- 
pared with  the  winding  suitable  for  a  bell  in  a  bridging  tele- 
phone. Since  the  inductance  is  not  very  large  it  is  possible 
not  only  to  readily  ring,  but  also  to  talk  fairly  well  through 
several  series-bells  when  connected  in  series  in  the  same 
line  circuit.  If  the  inductance  of  the  bell  is  too  high  or  there 
are  too  many  series-bells  in  the  same  circuit,  the  articulation 
becomes  indistinct,  weak,  and  very  poor.  Series-bells .  will 
be  further  considered  in  connection  with  party-line  systems. 

16.  TalklnpT  Circuits. — After  having  sent  or  received 
a  signal,  the  receiver  is  removed  from  the  hook,  and  the 
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>ndttions  of  the  circuits  are  tben  as  shown  in  the  figure, 
le  signaling  circuit  being  broken  at  the  contact  point  on 
le  under  side  of  the  hook,  while  two  other  circuits  contain- 
ig  the  talking  apparatus  are  closed  by  the  contacts  on  the 
pper  side  of  the  hook.  Starting  at  binding  post  .7,  the 
Dtrent  coming  over  the  line  passes  through  wire  a. 
r  /a,  wire  r,  secondary  winding  S,  wire  rf,  upper  right- 
and  switch  contact,  hook  lever,  and  wire  /  to  binding 
.•1'.  This  secondary  circuit  contains  only  the  receiver 
tid  the  secondary  winding  of  the  induction  coii.  Another 
ifrcuit  is  also  closed  by  the  rising  of  the  switch  lever  con- 
lining  the  battery,  the  primary  winding  of  the  induction 
Bil.  and  the  transmitter.  The  wires  forming  the  primary 
[reuil  are  shown  by  heavy  lines,  and  beginning  at  the 
Bttery  may  be  traced  as  follows:  Battery,  wire  m,  trans- 
litter  7",  wire  «,  primary  winding  P,  wires  o,  p,  and  d  to  the 
pper  right-hand  contact  of  the  lever,  through  the  lever  to 
i  upper  left-hand  contact,  and  by  wires  i  and  /  back  to 
le  battery. 

IT.  Connections  In  Generatoi-  Box,— It  has  been 
Bstomary,  merely  on  account  of  convenience,  to  mount  the 
eneraior,  the  receiver,  and  the  hook  switch  in  one  box, 
hich  is  usually  placed  at  the  upper  part  of  the  instrument, 
le  transmitter  and  battery  being  put  in  separate  places. 
1  order  to  facilitate  the  attachment  of  the  talking  apparatus 
roper,  it  is  customary  to  place  a  row  of  binding  posts,  J  to  6, 
,  inclusive,  on  the  lower  part  of  the  generator  box, 
"be  arrangement  of  the  various  parts  of  the  apparatus  wilh 
aspect  to  these  binding  posts  varies  with  the  make  of  the 
istrument;  hut  the  custom  of  the  Bell,  and  most  other  com- 
is  to  devote  the  left-hand  pair  1,2  of  the  binding 
twts  to  the  receiver  terminals;  the  center  pair  3,4  to  the 
irmJnala  of  the  primary  circuit,  and  the  right-hand  pair  5,6 
t  the  terminals  of  the  secondary  of  the  induction  coil. 

18.     ('omplt'le  Western  Electric   No.  2  Tplephone. 

1  Pig-  9  are  iihown  (he  various  parts  of  a  complete  Western 

ictric  No.  2  telephone,  connected  as  they  are  in  practice. 
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The  Williams  automatic  cut-out  is  indicated  in  connection 
with  the  generator.  The  shunt  that  short-circuits  the  arma- 
ture coil,  starts  at  the  spring  v,  goes  through  the  shaft  w  of 
the  large  gear-wheel  to  the  frame  of  the  generator,  and  out 
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by  the  wire  u.  When  the  handle  of  the- generator  is  turned, 
w  is  drawn  from  the  spring  z/,  thus  opening  the  armature- 
shunt  circuit,  and  the  path  for  the  current  is  then  from  the 
spring  V  to  the  insulated  eild  x  of  the  armature  coil,  through 
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» 


the  armature  coil  and  the  frame  of  the  generator  to  the 
wire  «.  The  connections  and  lettering  are  exactly  the  same 
as  in  Fig.  3,  in  which  unnecessary  details  were  omitted  for 
the  sake  of  clearness.  The  reader  can  readily  trace  the  cir- 
cuits in  the  two  positions  of  the  hook  switch. 

19.  Series  Desk  Telephones. — The  connections  shown 
so  far  are  those  used  in  the  wall  type  of  series  telephone 
instruments.  A  series  desk  telephone,  with  the  induction 
coil  in  the  base  of  the  stand,  is  wired  as  shown  in  Fig.  10, 
a,  b,  r,  d  being  the  flexible  conductors  in  the  desk-stand  cord. 
The  generator  and  betl  are  usually  placed  in  a  suitable  case  or 
box.  For  a  desk  telephone, 
the  connections  should  be 
arranged  to  reduce  to  a  min- 
imum the  number  of  flexible 
conductors  in  the  cord  run- 
ning into  the  base  of  the  desk 
stand  from  the  generator  bell 
and  battery.  This  is  accom- 
plished by  arranging  the  ap- 
paratus and  connections  as 
shown  in  this  figure.  If  the 
induction  coil  is  not  placed 
in  the  desk  stand,  but  in  the 
generator  box  or  on  a  sep- 
arate wooden  base,  the  same  '''"  '" 
nttmber  of  flexible  conductors  will  still  be  required.  In  the 
_      Utter  case,  the  flexible  conductor  a  will  be  used  to  connect 

fDne  end  of  the  receiver  and  the  secondary  winding  of  the 
Induction  coil,  and  the  flexible  conductor  b  to  connect  one 
terminal  of  the  transmitter  and  the  primary  winding  of  the 
bldoction  coil. 
20*  Separate  Serles-Oetierator  aud  Bell  Boxes. 
Prcqnenily,  the  generator  and  bells  are  mounted  in  separate 
boxes  in  order  to  locate  each  in  the  most  desirable  position. 
In  such  cases,  there  is  usually  provided  a  so-called  terminal 
block  on  which  a  number  of  binding  posts  are  mounted  for 
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convenience  in  making  the  connections.     The  induction  coil 
is  either  mounted  in  the  base  of  the  desk  stand  or  on  the 

terminal  block.    The 
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separate  box  contain- 
ing  the  bell  is  called 
an  extension  bell^  be- 
cause the  wiring  may 
be  extended  so  as  to 
place  the  bell  in  any 
part  of  the  room  or  in 
any  other  room  in  the 
house.  The  further 
use  of  extension  bells 
will  be  presently  con- 
sidered. 

The  method  of  wiring  an  office  for  a  series  desk  set  having 
separate  generator  and  bell  boxes  and  a  terminal  block  is 
illustrated  by  the  Stromberg-Carlson  series 
desk  set  shown  in  Fig.  11.  The  binding 
posts  on  the  terminal  block  and  the  ends  of 
the  flexible  cord  running  to  the  desk  stand  are 
similarly  lettered  or  numbered,  so  that  it  is 
only  necessary  to  connect  each  flexible  con- 
ductor in  the  desk-stand  cord  to  a  similarly 
lettered  or  numbered  binding  post  on  the  ter- 
minal block.  This  method  of  designating  how 
connections  should  be  made  is  a  good  one 
and  is  considerably  used. 

21.  Hand  Microtelepbone. — In  Fig.  12 
is  shown  a  hand  microtelepbone,  whicTi  con- 
sists of  a  transmitter,  watch-case  receiver,  and 
switch,  all  mounted  in  one  handle  that  can  be 
conveniently  held  in  one  hand  with  the  receiver 
to  the  ear  and  the  transmitter  mouthpiece  in 
front  of  the  mouth.  The  switch  in  the  handle  can  easily  be 
held  closed  by  the  same  hand  that  holds  the  microtelepbone. 
The  connections  in  Fig.  13  show  how  it  may  be  used  as  an 
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ordinary  series-telephone.  When  His  pressed,  o  parts  from  a, 
and  o, «,  and  m  are  connected  together;  herfce,  this  switch 
replaces  the  ordinary  hook  switch. 
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It  may  also  be  wired  as  a  bridging  telephone  by  connecting 
wire  d  to  line  L  and  omitting  the  wire  d-l-a.  The  hand 
microtelephone  may  be  hung  up  wherever  convenient  or 
placed  in  the  pigeon  hole  of  a  desk. 


BRIDGING    INSTRUMENTS 

22.  Talking^  Circuits. — In  Fig.  14  is  shown,  in  detail, 
the  pieces  of  apparatus  forming  a  complete  bridging  tele- 
phone instrument  properly  connected  together. 

The  arrangement  of  the  local  circuit  is,  in  this  case, 
identical  with  that  of  the  series-instrument.  The  trans- 
mitter 7",  the  battery  B,  and  the  primary  P  of  the  induction 
coil  are  connected  together  in  series  in  a  local  circuit 
when  the  receiver  is  removed  from  the  hook;  while  the 
secondary  circuit  containing  the  receiver  R  and  the  sec- 
ondary winding  5"  of  the  induction  coil  are  connected 
in  series  between  the  binding  posts  Ay  A'\    this  circuit  is 
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from  binding  post  A  through  wire  ^l,  receiver  i?,  secondary 
winding  5  of  the  induction  coil,  wire  d,  lever  H  oi  the  hook, 
and  wire  /  to  the  binding  post  A\ 
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23.  Calling  Circuits. — The  points  wherein  the  circuits 
of  a  bridging  instrument  differ  from  those  of  a  series-instru- 
ment are  found  in  the  connection  of  the  calling  apparatus 
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rith  the  line.  In  the  series-instniment,  Fig.  8.  the  genera- 
iOr  and  call  bell  were  placed  in  series  between  the  iwo  bind- 
ng  posts,  the  circuit  being  opened  by  the  lower  contact 
oint  on  the  switch  hook  when  the  receiver  was  remnved. 
1  the  bridging  instrument,  the  call  bell  C  is  in  a  permanently 
elosed  circuit  between  the  two  binding  posts  .-/,  .-?',  this 
ircuit  being  traced  from  the  post  ,-/  through  the  upper 
IMugc  A,  bell  C,  lower  hinge  A,  and  wire  f  to  the  binding 
^/'.  This  circuit,  in  some  makes  of  instruments,  is 
broken.  The  generator,  instead  of  being  in  series 
rith  the  call  bell  and  normally  shunted,  is  connected  in 
laraltcl  with  the  bell  across  the  two  binding  posts  j4.  A', 
nd  is  in  a  normally  open  circuit.  This  circuit  is  closed 
boljr  when  the  generator  is  operated,  this  being  brought 
bout  by  reversing  the  shunt  mechanism  so  that  it  main- 
lins  a  normally  open  circuit  instead  of  a  short  circuit, 
in  Fig.  14,  the  spring  t]  occupies  a  position  on 
Ihe  opposite  side  of  the  disk  r  from  that  in  Fig.  8,  the 
arrangement  being  such  that  only  when  the  generator 
is  operated  is  the  circuit  closed  between  r  and  q.  The 
circuit  may  be  traced  from  the  binding  post  A  through 
wire  a,  wire  A,  armature  of  the  generator  G,  disk  r,  and 
spring  y  to  the  binding  post  A'. 

24.     Three   Brlilfteil   Circuits. — It  may  be  said  that 

1  bridging  instruments,  the  apparatus  is  arranged  in  three 
larallel  circuits  between  the  binding  posts.  The  first  of 
Jiese  circuits  is  permanently  closed  and  includes  the  ringer; 
Ibc  second  is  normally  open  and  includes  the  generator;  and 
9ie  third  is  also  normally  open  and  includes  the  receiver 
1  Ihe  secondary  of  the  induction  coil  in  series.  It  would 
nl  first,  that  the  presence  of  the  ringer  magnets 
\  a  permanent  shunt  around  the  talking  apparatus  would 
Aosly  interfere  with  the  voice  transmission.  This  would 
B  the  case  were  it  not  that  the  ringer  magnets  were  wound 
with  a  very  great  number  uf  turns  of  wire,  usually  so  as  to 
give  them  a  resistance  of  1,0(10  to  2,500  ohms  and  a  high 
inductance,  on  account  of  which  an  almost  impassable  barrier 
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is  formed  to  the  passage  of  the  rapidly  fluctuatins:  voice 

currents,  so  that  the  transmission  is  not  perceptibly  affected. 

The  impedance  of  a  1,000-ohm  ringer  to  currents  whose 


Fig.  15 


frequency  is  about  15,  such  as  produced  by  the  ordinary 
hand- telephone  generator,  is  about  1,200  ohms,  while  to  the 
talking   current,  whose   average   frequency   may  be  taken 
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I  periods  per  second,  the  impedance  is  a  little  over 

'  ohms,  and   at  600   periods,  a  frequency  quite  often 

Lained,  it  becomes  about  8,000  ohms.     Thus,  it  is  evident 

lat  the  ringer  acts  only  as  a  very  high  resistance  shunt 

iround  the  talking  circuit  when  that  is  in  use,  allowing  only 

an  inappreciable  part  of  the  talking  current  to  leak  through 

it  instead  of  flowing  through  the  receiver.     To  the  ringing 

current,  however,  the  impedance  is  but  little  larger  than  iiK 

^Rjesistance. 

^H  The  theory  of  series  and  bridging  instruments  and  theii 
^^bractical  application  to  party  lines  will  be  considered  in  con- 
^^Bection  with  party  lines. 

^B    25.     Brhltclne  Desk  Telephone.— The  wiring   (or  an 
^^Wdinary  bridging  desk  set  is  shown  in  Fig.  15.     The  bind- 
ing posts  c.  /,  g;  H,  i  are  located  in  the  base  of  the  desk 
stand.     The  binding  post  A  and  contact  w  are  not  used  for 
tJbis  bridging  circuit,  but  are  provided  as  they  are  required,  in 
an  arrangement  to  be  shown  presently  (see  Fig.  16),  as  well 
as  in  series-sets,     a,  i,  r  are  the  flexible  conductors,  usually 
^^nadc  into  one  cord,  connecting  the  desk  stand  with  the  box 
^^Boiitaintng  the  bell,  generator,  and  induction  coil.     On  the 
^^■Dp  or  bottom  of  this  box  are  placed  the  binding  posts/,  Jt. 
^^t,  m,  w.     The   bell   is  usually  mounted   on   the   lid  of  the 
box.     The  induction  coil  may  be  placed  in  the  base  of  the 
desk  -stand  without  increasing  the  number  of   flexible  con- 
ductors in  the  desk-stand  cord;  a  will  then  connect  e  to  w, 
ami  i  will  connect  /  to  m.  p  being  between  /  and  e,  and  s 
between  r  and  A    The  binding  posts  j,  k  will  not  be  required, 

t-  at  least  not  used. 
26.  Uell  Ueek  Set.— The  .connections  of  a  desk  set 
led  by  the  Bell  Telephone  Company  on  local-battery  sys- 
ms  is  shown  in  Fig.  16.  The  connections  vary  but  slightly 
om  those  shown  in  Fig.  15.  As  far  as  practical,  the 
Itering  in  the  two  figures  is  the  same.  The  induction 
coil  is  mounted  on  a  wooden  base  with  five  binding 
post-H  n.t.l,  k.m.  One  of  the  cords  b  is  connected  to  an 
insulated  terminal  w  in  the  foot  of  the  stand,  to  which  is  also 
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attached  one  terminal  of  the  receiver  cord;  c  is  connected  to 
one  contact  of  the  hook  switch,  and  a  to  the  transmitter. 
The  other  terminal  of  the  transmitter  is  connected  throaeb 
the  metal  work  of  the  stand  to  the  hook  switch. 


The  two  Fuller  cells  used  with  this  set  aie  placed  on  a 
lead-lined  tray  in  a  wooden  box  having  a  cover.  The  cells 
are  connected  in  series,  and  wires  are  run  from  them  throueh 
two  holes  in  the  rear  of  the  box  to  the  binding  posts  n,  /. 
^  This  battery  box  is  usually 

—    placed  on  the  floor  under 
the  desk. 

27.  Generators  and 
bells  in  bridging  instru- 
ments are  connected  in 
various  ways.  One  way 
was  shown  in  Figs.  14 
and  15,  Another  way, 
shown  in  Fig.  17,  is  to 
arrange  them  so  that  both 
1  """       ^  the    bell    and   generator 

will  be  cut  out  when  the 

hook  switch  rises.  This 
is  especially  desirable,  but  is  only  necessary  for  party-line 
circuits  having  a  number  of  instruments  bridged  across  the 
same  circuit.  It  leaves  one  less  bell  bridged  across  the  line 
when  the  receiver  is  off  the  hook,  and  thus  opens  one  leakage 


m 
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a 


nth  between  the  tno  sides  of  the  circuit  while  conversing, 
ot  has  the  disadvantage  of  an  additional  contact  on  the 
■ole  switch. 

The  same  object  is  also  accomplished  by  connecting  the 
^neraior  terminal  g  directly  to  binding  post  A'  instead  of 
intact  w,  the  bell  still  being  left  connected  between  con- 
rp  and  binding  post  .-/.  The  transmitter,  receiver,  induc- 
-oncoil.and  battery  are  connected  as  shown  in  Figs.  Hand  15. 

28.  Penn   BrldKlni;   Wall  Telephone. — The  connec- 
i  used  in  the  bridghig  wall  telephone  made  by  The  Dean 

Electric  Company  and  suitable  for 
inse  on  party  lines  are  shown  in 
Fig.  18.     This  illustrates  another 
iray  of  connecting  bells  and  gen- 
iraiors   in  a  bridging    telephone. 
The  connections  are  Ihe  same  as 
■in    the    standard    series-telephone 
made  by  tlie  same*  company,  ex- 
cepting  that   an    extra   platinum- 
Otnted    spring    is    provided    that 
ibort-circuits  the  generator  when 
^t  rest  and  short-circuits  the  bell 
hen  the  generator  crank  is  turned, 
liereby  preventing  the  ringing  of  ^EF 

bell   when    the    generator    is  ^'°-  ^^ 

«ing  used.  The  generator  armature  winding  being  normally 
ihort-circaited  by  a  platinum  contact  in  the  shunt  mechanism, 
i  protected  from  burn-outs  through  the  entrance  of  foreign 
"cnrrents.  This  arrangement  reduces,  by  one,  the  number  of 
bells  on  a  party  line  that  the  generator  must  ring.  More- 
over, the  home  bell  in  the  ordinary  arrangement  takes  some- 
lat  more  current  than  any  of  the  other  bells,  because  it  has 
)  line  resistance  in  series  with  it;  hence,  it  is  quite  desirable 
cnl  Et  out.  especially  on  long  party  lines. 

29.  nean  BrldsIxK   Dewk  Telephone.— The  connec- 
\  just  shown  are  modified  for  use  with  a  desk  set  so  as 

I  reduce  to  a  minimum  the  number  of  conductors  in  the 


<<D0^ 


r 
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desk-stand  cord.  The  connections  of  the  Dean  desk  set,  in 
which  the  receiver,  transmitter,  hook  switch,  and  induction 
coil  are  mounted  in  the  desk  stand,  the  bell  and  generator  in 
one  box,  and  four  binding  posts  on  a  connecting  rack,  is 
shown  in  Fig.  19.  At  (a)  is  shown  a  simplified  diagram  of 
the  connections.  A  four-conductor  cord  with  regular  cord 
tipii  at  each  end  connects  the  stand  circuits  to  the  connecting 
rack.     To  connect  up  the  set,  it  is  only  necessary  to  join 


similarly  numbered  binding  posts  by  means  of  the  desk- 
stand  conductors  and  to  connect  the  battery  and  generator  to 
the  pairs  of  binding  posts  marked  Ring  a.nA  5a W«y,  respect- 
ively. The  Dean  series  desk  set  is  wired  in  the  same  man- 
ner, except  that  the  wire  k  in  the  desk-set  box  is  omitted. 

30.  Seimrate  Brlittelii^  Generator  and  Bell  Box. 
The  wiring  for  an  office  set  using  separate  generator  and  bell 
boxes,  a  terminal  block,  and  the  generator-bell  connections 
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shown  in  Fig,  17  or  18,  is  represented  by  the  Stromberg- 
Carlson  bridgise  desk  set  shown  in  Fig.  20.    The  binding 


posts  on  the  terminal  block  and  the  ends  of  the  four  wires 
running  through  the  flexible  cord  to  the  desk  stand  are 
similarly  numbered  or  lettered,  so 
that  it  is  only  necessary  to  connect 
each  flexible  conductor  in  the  desk- 
stand  cord  to  a  binding  post  on  the 
terminal  block  having  the  same 
number  or  letter. 

31.  KelloKR  Bridfflngr  Wall 
Telephone. — Still  another  slight 
modification  suitable  for  use  on 
party  lines  is  shown  in  connection 
with  Fig,  21,  When  the  generator 
handle  is  turned,  the  spring  s  is 
pushed  away  from  r  and  into  con- 
tact with  V.  Since  the  armature 
winding  is  connected  between  the 
frame  of  the  generator  and  through 
an  insulated  pin  in  the  end  of  the 
shaft  with  the  spring  v,  the  gener- 
ator is  cut  in  and  the  bell  is  cut  out 
when  the  generator  handle  is  turned. 


C<7>G>, 


Pio,  21 

Thus,  the  bell  and 
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generator  are  not  only  cut  out  by  the  rising;  of  the  hook 
switch,  but  the  bell  is  also  cut  out  when  the  generator  handle 
is  turned.  Therefore,  the  subscriber's  own  bell  never  rings 
when  he  turns  his  generator,  a  feature  desired  by  some  per- 
sons, and  further- 
more, this  arrange- 
ment reduces,  by 
one,  the  number  of 
bells  on  a  party  line 
that  the  generator 
must  ring. 

32.  KelloffK 
BrldKlng  Desk 
Telephone. — The 

arrangement  just 
shown  is  usually 
modified  for  use  with 
a  desk  set  so  as  to 
reduce  to  a  minimum 
the  number  of  flex- 
ible conductors  in 
the  desk-stand  -cord. 
The  connections  for 
a  desk  set,  when  the 
desk  stand  contains 
the  receiver,  trans- 
mitter, and  book 
switch,  the  generator 
box  contains  the  gen- 
erator and  bell,  and 
the  induction  coil  is 
^'°-^  mounted  on  a   sep- 

arate connecting  rack  along  with  the  necessary  number  of 
binding  posts,  are  shown  in  Fig.  22.  Four  flexible  conduc- 
tors a,  i,rf,ir  in  the  desk-stand  cord  connect  the  terminals  f,/,*,i 
in  the  base  of  the  desk  stand  with  binding  posts,  1,  4,  3,  2, 
respectively,  on  the  connecting  rack.    The  line  wires,  battery 


r" 
i 

4    -t 

1 
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I  wires,  and  generator-box  terminals  /,  m  also  connect  with  the 
proper  binding  posts  oo  the  connecting  rack.  The  beH  and 
generator  are  cut  out  when  the  hook  switch  rises  and  the 
bell  is  cut  out  when  the  generator  handle  is  turned.  The 
[  containing  the  bell  and  generator  is  usually  mounted 
inder  or  at  the  side  of  the  desk,  whichever  the  subscriber 
(refers.  The  same  number  of  flexible  conductors  would  be 
CQUired  in  the  desk-stand  cord  if  the  induction  coil,  instead  of 
leing  mounted  on  a  connecting  rack,  were  placed  either  in 
[he  base  of  the  desk  stand  or  in  the  gene  rat  or- bell  box.  In 
pither  case  all  the  binding  posts  required,  outside  of  the  desk 
ind,  could  be  mounted  on  the  generator- bell  box. 
33.  Generator,  Bell,  and  Indiietioii  Coll  Scpurntely 
outtted. — The  wiring  of  an  office  when  the  generator  and 
lell  are  mounted  in  separate  boxes  and  the  induction  coil  on 
kconnecting  rack  is  the  same  as  shown  in  Fig.  22.  except  that 
!be  bell  and  generator  are  mounted  in  separate  boxes,  as 
.n  Fig.  23,  and  connected  simply  in  parallel  circuits, 
,  shown  in  Fig.  17.  The  battery  is  placed  on  the  floor 
uder  the  desk  or  in  any  other  convenient  place. 


EXTKNSION    BELLS 

34.    All  bells  used  in  connection  with  a  telephone,  except 

be  bell  in  the  telephone  instrument  or  generator  box,  are 


Cortnecrirf  fiae* 


Ciferhl/en  Btll. 


— ||||_J      D  Ce^A  •S«/Soi~ 


med  extension  Ix^ll^.     They  are  used  so  that  telephone 
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signals  may  be  received  in  places  where  it  is  not  desired  to 
locate  the  telephone.  The  extension  bell  rings  whenever 
the  telephone  bell  rings.  Moreover,  in  noisy  power  houses 
and  factories  the  ordinary  telephone  bell  may  not  ring  loud 
enough  to  be  heard,  in  which  case  a  loud-ringing  extension 
bell  may  be  used.  Ordinary  extension  bells  can  be  used  in 
connection  with  either  series  or  bridging  telephones,  but  the 
extension  bell  should  have  exactly  the  same  resistance  (which 
implies  also  the  same  number  of  turns)  as  the  telephone  bell 
with  which  it  is  to  be  used. 


FlO.  24 

35.  Series  Extension  Bell. — Fig.  24  shows  the  proper 
way  to  connect  an  extension  bell  D  to  a,  series-telephone  in 
which  the  Post  circuit  is  used.  Ay  A'  are  the  usual  binding 
posts  to  which  the  line  wires  are  attached.  The  extension 
bell  D,  which  should  have  the  same  resistance  and  prefera- 
bly be  of  the  same  make  as  the  telephone  bell  C  is  connected 
in  the  circuit  by  cutting  the  wire  that  would  otherwise  con- 
nect ;;/  to  w.     An  extension  bell  must  never  be  connected  in 
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fac  line  circuit  in  series  with  a  series-telephone,  because  then 
Lthe  talking  current,  when  the  telephone  is  is  use,  would  have 
to  pass  through  the  extension  bell,  whereas,  by  this  arrange- 
ment, both  the  telephone  and  extension  bells  are  cut  out  of 
he  circuit  when  the  receiver  is  off  the  hook.  Series-tele- 
ibones  are  occasionally  provided  with  an  extra  binding  post 
I  £.  which  would  be  connected  by  a  wire  on  the  top  of  the 
JBStmment  tu  binding  post  A  when  no  extension  bell  is  used. 
[  Fie.  25  shows  the  proper  way  to  connect  the  extension 
I  />  to  a  series-telephone,  in  which  the  Western  Electric 


Uo.  2  circuit  is  used.     The  generator  G  would  be  connected 
directly  to  the  point  i  if  no  extension  bell  were  used. 

Although  the  use  of  more  (ban  one  series  extension  bell 
Ifaould  be  avoided  if  possible,  nevertheless,  if  more  are 
sressary,  they  must  be  joined  in  series  in  that  part  of  the 
rcHit  where  the  one  extension  bell  is  now  shown  in  Figs.  24 
i  25,  so  that  the  telephone  and  all  extension  bells  and  the 
meiTitor  will  be  cut  out  of  the  circuit  when  the  receiver  is 
moved  from  its  hook. 

Tlritlieln^  Extension  Bells. — It  is  a  very  simple 
latter  (o  connect  extension  bells  to  bridging  telephones. 
9ic  estco'^ion  bell,  which  should  be  of  the  same  resistance 
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(and  preferably  of  the  same  construction)  as  the  bridging: 
telephone  bell,  may  be  bridged  across  the  line  circuit  at  the 
most  convenient  point.  Two  bridging  extension  bells  My  N 
are  shown  in  Fig.  26  properly  connected  across  a  bridging- 


u\. 


TefepffOffe  U/te  tV/rea. 


us. 


u\ 


7if/epffOfre 


M 


FlO.26 


telephone  circuit.  When  bridging  telephones  are  connected 
on  ground-return  circuits,  the  extension  bells  are  connected 
between  the  one  line  wire  and  the  most  convenient  ground 
connection. 


CIRCUIT-CLOSING    DEVICES 

37.  LiOud-Rlnj^lngr  Extension  Bells. — Where  a  loud- 
ringing  bell  is  necessary,  a  special  loud-ringing  extension 
bell  or  an  arrangement  that  will  close  a  local  circuit  contain- 
ing a  battery  and  a  loud-ringing  vibrating  bell  may  be  used. 
The  most  natural  way  to  accomplish  this  purpose  is  to  con- 
nect an  ordinary  telephone  switchboard  annunciator  with  the 
telephone  circuit  in  the  same  manner  as  an  extension  bell. 
The  annunciator,  as  in  the  case  of  extension  bells,  must  be  of 
about  the  same  resistance  as  the  telephone  bell.  Further- 
more, with  series-telephones  the  annunciator  must  be  con- 
nected in  the  same  part  of  the  circuit  as  the  extension  bell,  as 
shown  in  Figs.  24  and  25.  When  annunciators  are  used  with 
bridging  telephones,  they  should  be  connected  across  the  line 
circuit,  as  explained  in  connection  with  Fig.  26. 

An  ordinary  switchboard  annunciator  is  usually  so  arranged 
for  night  service  that  its  shutter  will  close  a  local  circuit 
when  it  falls,  and  the  local  circuit  will  remain  closed  until 
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the  shutter  is  restored  by  hand  to  its  normal  position. 
An  anoonciator  joined  between  a  bridging  telephone  line 
and  the  ground,  which  is  here  used  as  a  return  path  for 
the  telephone  circuit,  is  shown  in  Fig.  27,  The  local  con- 
nections are  also  shown  in  this  figure.  When  the  shutter  5 
falls,  the  spring  ( is  pressed  into  contact  with  the  pin  u  by  the 
heel  projecting  from  the  bottom  of  the  shutter.  The  spring  i 
and  contact  pin  ii  form  the  terminals  of  a  circuit  containing  a 
battery  and  an  ordinary  vibrating  bell,  and  the  bell  is  therefore 
sounded  whenever  the  shutter  falls.  Moreover,  the  bell  will 
continue  to  ring  after  the  shutter  has  fallen  until  it  is  pushed 


op  by  band.     It  is  convenient  to  have  a  switch  in  the  local 
circuit  in  order  to  leave  the  circuit  open  at  night  or  at  other 
times  when  no  one  is  around  to  restore  the  shutter  if  it  falls. 
Evidently,  as  large  a  bell  and  as  powerful  a  battery  as 
necessary  may  be  used.     Furthermore,  any  number  of  vibra- 
ting bells  may  be  connected  in  series  in  the  same  circuit,  pro- 
^Vtded  that  the  vibrating  devices   that  make  and  break  the 
■ocal  circuit  at  the  bells  are  all  short-circuited,  except  at  one 
^bell.     The  make-and-break  device  on  one  bell  will  interrupt 
tbe  current  for  all  the  bells.     If  more  than  one  such  device 
is  allowed  to  work,  they  are  apt  to  interfere  with  one  another, 
and  cause  the  bells  to  ring  poorly. 


36     CIRCUITS  OF  TELEPHONE  INSTRUMENTS     §7 

38.  The  ma^rneto  circuit-closlns  attacbment  made 
by  The  Holtzer-Cabot  Electric  Company  is  shown  in  Fig.  28 
with  its  cover  removed.  It  is  a  sensitive  relay  operated  by 
the  current  from  a  magneto- generator.  When  the  armature  a 
is  attracted,  the  hook  in  it  releases  the  lever  h  and  the 
spring  s  closes  a  local  circuit  at  d,  which  remains  closed 
until  the  device  is  reset  by  pulling  down  the  handle  k.  This 
causes  the  end  of  the  lever  c  to  force  the  armature  to  its 
proper  position  and  hold  h  in  place.  This  device  may  be 
used  to  close  a  local  circuit  containing  a  battery  and  bell  or 
a  small  electric  lamp,  or  to  control  other  electrical  devices 
at  a  distance.  The  circuit  is 
not  carried  through  any  pivots 
or  loose  joints  and  the  coils 
may  be  obtained  wound  to 
almost  any  resistance  or  num- 
ber of  turns  desired, 

39.  Extenalon-Clrcalt 
Closer. — The  objection  to 
annunciators  and  extension 
bells  that  have  their  magnet 
coils  connected  in  series 
with  the  telephone  bells,  or 
bridged  across  the  line  cir- 
""  "  cuit,  is  the  fact  that  on  party 

lines  where  ihere  are  already  a  number  of  telephone  bells, 
these  extra  bell  magnets  interfere,  more  or  less,  depending  on 
their  number,  with  the  talking  qualities  of  the  circuit.  A 
device  that  overcomes  this  objection  is  the  extension-circuit 
closer  manufactured  by  the  Gar  ton-Daniels  Co.  This  device 
is  shown  in  Fig.  29  attached  in  the  proper  position  on  the 
front  of  the  telephone  box.  The  least  movement  of  the  bell 
clapper  moves  the  vertical  lever  c,  which  then  raises  the 
latch  a  enough  to  allow  the  shutter  b  to  fall.  When  the 
shutter  falls  it  rests  against  a  contact  button  e,  thereby  com- 
pleting the  circuit  between  the  two  binding  posts  m  and  «, 
and  causing  the  extension  bell  to  ring  until  the  shutter  is 
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■restored,  by  band,  to  its  normal  upright  position.  This  is  a 
'  simple  mechanical  device,  with  no  magnets  in  the  line  circuit 
to  interfere  with  the  efficiency  of  the  telephone,  or  to  be 
bnmed  out  by  lightning  discharges  or  by  current  due  to 
crosses  between  the  telephone  and  electric  light  or  power 
lines.  There  is  a  switch  d  by  means  of  which  the  extension- 
bell  circuit  may  be  opened. 

This  device  is  attached  to  the  front  of  the  magneto-box, 
by  means  of  the  screw  s.  in  such  a  manner  that  the  upper 
end  of  the  leverc  rests  against  the  bell  clapper,  as  shown  at  /. 
By  twisting  the  device  from  right  to  left,  the  position  may 


■eadily  be  found  where  the  stroke  of  the  bell  clapper  will  lift 
;  latch  whether  the  clapper  stops  at  the  right  or  left  end  of 
I  its  stroke.  The  screw  should  then  be  tightened  securely,  so 
I  that  jarring  or  the  falling  of  the  shutter  wilt  not  change  the 
I  ndjusimcnt. 

40.  Extenslon-Clreiilt  KliiBer. — With  ordinary  tele- 
I  phone  annunciators,  having  a  magnet  connected  in  the  tele- 
Lpboac  circuit,  or  with  such  an  arrangement  as  the  one  just 
rdescribed.  in  which  the  falling  of  a  shutter  closes  a  local 
l:"vibratine-bell  circuit,  the  bell  continues  to  ring  until  the 
[shutter  is  restored.     Hence,  with  party-line  telephones  it  is 
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impossible  to  distinguish  one  call  from  another  because  the 
extension  bell,  instead  of  giving  distinct  long  and  short  rings 
like  the  telephone  bell,  gives  only  one  continuoas  ring-  This 
is  a  serious  objection  to  such  arrangements  on  party-line 
telephones. 

A  device  made  by  the  Garton-Daniels  Co.,  that  is  called  an 
ex  tension -circuit  rlufcer  and  overcomes  this  objection, 
is  shown  in  Fig.  30.  This  device  closes  the  extension-bell 
circuit  only  while  the  telephone  bell  is  ringing,  opening  it 
automatically  as  soon  as  the  telephone  bell  comes  to  rest, 
thus  reproducing  the  exact  sig- 
nal made  by  the  telephone  bell. 
The  essential  feature  of  this 
device  is  a  balance  wheel  a  and 
a  flat  spiral  spring  e,  the  ar- 
rangement so  far,  although 
much  heavier,  resembling  the 
balance  wheel  and  hair  spring 
of  a  watch.  When  the  bell 
clapper  on  the  telephone  vi- 
brates, it  pushes  against  the 
lever  c,  which,  in  turn,  presses 
against  a  pin  v,  thereby  turning 
the  balance  wheel  a  to  the  left, 
or  counter-clockwise.  On  the 
balance  wheel  a  is  a  pin  w 
that  does  not  normally  touch 
•'"  *"  the  flat  spring  r  that  is  fast- 

ened to  the  insulated  piece  o. 

When  the  clapper  of  the  telephone  bell  moves  to  the  right, 
the  pin  jv  turns  with  the  wheel  and  touches  the  spring  r  and  so 
closes  the  extension -bell  circuit.  The  hair  spring  attached 
to  the  balance  wheel  throws  the  wheel  back  to  its  original 
position  after  each  stroke  of  the  lever.  The  rapid  vibrating 
of  the  bell  clapper  on  the  magneto  keeps  turning  the 
wheel  over  so  that  the  circuit  is  immediately  closed 
again  after  being  opened  by  the  action  of  the  hair  spring; 
hence,    the    circuit    is    closed    practically   as    long    as   the 
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lever  c  is  kept  vibrating.  When  the  clapper  of  the  tele- 
phone bell  comes  to  rest,  the  hair  spring  always  opens  the 
extension-bell  circuit.  This  device  is  particularly  adapted 
for  use  on  series  or  bridged  party  lines,  where  an  ordinary 
telephone  annunciator  or  other  device  that  closes  a  local 
circuit  by  the  falling  of  a  shutter  or  a  similar  contrivance 
would  not  be  satisfactory. 

41.  The  extension -circuit  ringer  is  fastened  on  the  tele- 
phone box,  as  shown  in  Fig,  31,  first  by  one  screw,  so  that 
the  pendulum,  as  c  is  called,  is  practically  vertical,  and  the 
top  of  the  pendulum  should  be  held  against  the  bell  clapper 
by  the  action  of  the 
hair  spring.  The 
device  may  be  ad- 
justed by  twisting  it 
to  the  right  or  left, 
so  that  the  pendulum 
will  return  to  such  a 
position,  when  the 
bell  clapper  comes  to 
rest,  that  the  local- 
bell  circuit  will  be 
open,  whether  the 
clapper  stops  to  the 

right  or  left  of  its  stroke.  By  twisting  the  case  to  different 
positions,  and  ringing  the  telephone  bell,  the  proper  position 
may  be  readily  found.  By  means  of  a  second  screw,  it  may 
be  permanently  fastened  in  this  position. 

A  local  circuit,  containing  an  ordinary  vibrating  bell  and  a 
battery,  is  connected  to  the  binding  posts  at  the  top  of 
the  device,  and  the  screws  m  and  n  hold  in  place  a  bridge 
piece  forming  one  bearing  of  the  wheel.  The  method  of 
connecting  the  local  circuit  is  shown  in  Fig.  31,  By 
means  of  the  switch  d,  the  local  circuit  may  be  opened 
or  closed  so  that  the  extension  bell  will  ring  or  not,  as 
desired.  Neither  of  the  two  devices  last  described  diminish 
the  loudness  of  the  telephone  bell  to  any  appreciable  extent. 
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A  telephone  company  that  has  tested  this  device  reports 
that  it  operates  satisfactorily,  even  when  the  telephone  bell 
is  rung  through  a  circuit  of  3,000  ohms,  which  is  quite  a  good 
proof  of  the  delicacy  of  operation  of  the  device. 


WIRING 

1.  The  manner  in  which  a  telephone  is  "wired  up"  plays 
an  important  part  in  the  efficiency  of  the  instrument.  The 
Ereatesl  precaution  should  be  taken  that  none  of  the  wires 
lie  so  close  together  as  to  form  crosses  between  them,  and 
breaks  in  the  various  circuits  should  be  guarded  against. 
The  method  of  wiring  the  inside  of  a  telephone  box  by  the 
use  of  small  staples  has  been  extensively  used  and  may  give 
good  results,  provided  that  it  is  carried  out  with  sufticient 
skill  and  care.  A  good  grade  of  insulated  wire  should 
always  be  used,  and  two  wires  should  never,  under  any 
circumstances,  be  placed  under  the  same  staple.  It  not 
infrequently  happens  that  two  staples  over  different  wires, 
although  apparently  out  of  contact,  make  contact  with  each 
other  under  the  surface  of  the  wood,  and  thus  form  c 
that  it  is  often  very  difficult  to  locate;  this  should  be  guarded 
against.  The  use  of  staples  is  no  longer  considered  good 
practice,  and  some  refuse  to  accept  instruments  so  wired, 
but  will  allow  the  use  of  tacks  to  hold  an  insulated  wire 
in  a  groove. 

2,  Lnt-'lnn;  Method  of  Wiring. — In  a  plan  of  wiring 
recently  adopted  by  several  companies,  the  wire  is  not 
insutated,  and  is  held  in  position  by  being  laced  back  and 
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forth  through  the  backboard  of  the  generator  box.  By  this 
method,  it  is  very  easy  to  draw  the  wires  tight  before  solder- 
ing them  to  their  proper  terminals. 

3.  Cleat  Wiring:. — Another  method  is  by  the  use  of 

wooden  cleats  placed  at  the  intersection  between  the  back- 
board and  the  sides  of  the  generator  box,  the  cleats  being 
provided  with  suitable  grooves,  through  which  the  wires  are 
led.  These  cleats  are  held  in  position  by  screws,  and  may 
be  removed  readily  in  case  of  needed  repairs. 

4.  Groove  Wiring. — Probably  the  latest  method  of 
wiring  used  by  reliable  manufacturers  of  telephone  instru- 
ments consists  in  placing  tinned  copper  wire,  not  smaller  than 
No.  20  B.  &  S.,  in  grooves  made  in  the  backboards  or  bases; 
these  grooves  are  then  filled  with  wax  which  covers  the 
exposed  or  unfinished  part  of  the  woodwork,  which  might 
otherwise  absorb  moisture  and  cause  trouble.  When  exposed, 
or  where  wires  cross  one  another,  they  are  covered  with  a 
woven  sleeve  made  of  a  double  braid  of  cotton  filled  with 
shellac.  The  use  of  soft-rubber  tubing,  which  gets  hard  and 
brittle,  should  never  be  allowed  for  this  purpose. 

All  joints  are  soldered,  with  the  exception  of  the  generator 
connections,  which  are  often  made  by  means  of  special  screw, 
or  binding-post,  terminals,  so  that  the  generator  may  be 
removed  for  inspection  or  repair  without  disarranging  the 
wiring  in  the  box,  or  cabitiet^  as  it  is  also  called. 

5.  Soldering  Fluxes. — The  easiest  flux  with  which  to 
solder  iron,  copper,  and  tin  is  probably  the  so-called  solder- 
ing acid,  which  is  a  saturated  solution  of  zinc  in  hydrochloric 
acid,  or,  as  it  is  sometimes  called,  muriatic  acid.  It  can 
readily  be  made  by  adding  zinc  to  a  solution  made  of  equal 
parts  of  hydrochloric  acid  and  water  until  no  more  zinc  will 
dissolve.  The  solution  of  zinc  chloride  thus  made  is  usu- 
ally strong  enough  for  most  purposes  if  further  diluted  with 
an  equal  amount  of  water.  This  solution  is  rubbed  on  the 
parts  to  be  soldered.  A  lump  of  sal  ammoniac  is  frequently 
used  in  workshops,  on  which  to  rub,  clean,  and  tin  the  end  of 
the  soldering  iron. 


Ifis 
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A  better  soldering:  fluid,  especially  for  use  in  soldering 

f  telephone,   telegraph,  electric   light  and   power  conductors 

inside   buildings,  consists  of   a  saturated  solution  of   zinc 

chloride,  five  parts;  alcohol,  four  parts;  glycerine,  one  part; 

this  Buid  will  leave  no  acid  on  the  wire. 

Soldering  paste  may  be  made  from  Canada  balsam  with  a 
small  portion  of  sal  ammoniac  mixed  with  it,  so  as  to  make 
3  sliff  paste.  The  soldering  sticks  may  then  be  made  by 
adding  resin  enough  to  the  above  mixture  to  harden  it,  so 
that  the  soldering  copper  will  melt  and  cause  it  to  flow  on 

flhe  parts  to  be  soldered. 
A  soldering  stick,  which  the  makers  claim  will  neither 
corrode  wire  nor  affect  insulation,  is  made  by  the  L.  B 
Allen  Co.,  of  Chicago.  It  is  a  good  substitute  for  resin, 
acids,  and  soldering  salts.  Where  insulation  is  removed 
from  a  wire,  the  makers  claim  that  it  is  not  absolutely  essen- 
tia] to  scrape  the  wire  when  the  soldering  stick  is  used.  It 
comes  in  round  sticks  6  inches  long  and  1  inch  in  diameter. 
The  same  company  also  makes  a  soldering  paste  and  non- 
corrosive  soldering  salts.  The  soldering  paste  is  suitable 
for  soldering  in  places  hard  to  get  at,  as  in  switchboards  and 
for  large  eleclrio-ligbt-wiring  joints.  It  may  be  placed  on 
the  joint  with  a  cloth  or  the  finger,  or  the  solder  may  be 
simply  dipped  into  the  paste  before  applying  to  the  joint. 
The  soldering  salts  are  intended  more  for  use  in  the  shop, 
where  a  cheaper  flux  than  the  soldering  stick  or  paste  must 

tbe  used. 
A  fiat,  ribbon-like  solder,  with  a  core  of  resin  correctly  pro- 
portioned to  the  amount  of  solder  present,  is  used  by  the 
Kellogg  Switchboard  and  Supply  Company  in  making  tele- 
phones and  in  switchboard  assembling  work. 


^6.  Soldering  Joints. — All  joints,  either  between  two 
wires  or  between  a  wire  and  a  metallic  surface,  such  as  a 
spring  or  hinge,  should  be  carefully  soldered;  but  tlie  flux 
ased  should  be  resin  or  some  other  non-acid  soldering  salt, 
because  when  acid  is  smeared  over  the  surfaces  of  the 
metal  and  the  wood,  it  causes  them  to  present  an  unsightly 
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appearance;  and,  what  is  more  serious,  the  add  freqnently^ 
corrodes  the  wires  to  such  an  extent  as  to  entirely  break 
the  circuit. 

7.  Hinge  Joints. — As  the  ringer  is  usually  mounted 
on  the  cover  of  the  generator  box, 
it  is  necessary  to  provide  flexible 
connections  to  it.  These  are  usually 
made  through  the  hinges  of  the  box, 
and  unless  certain  precautions  are 
taken,  the  contact  through  them  is 
apt  to  become  very  poor.  To 
remedy  this,  many  companies  use 
the  device  shown  in  Pig.  1,  in 
which  a,  a  are  clips  of  spring  metal, 
each  secured  under  one  of  the  screws 
holding  one  side  of  the  hinge  in 
place.  When  the  hinge  is  closed, 
these  clips  are  pressed  firmly 
together,  thus  securing  a  iirm  con- 
nection. 

Some  companies  use  a  small  spiral 
spring,  as  shown  on  the  lower  binge 
in  this  same  figure,  with  both  ends 
riveted  and  soldered  to  the  halves  of 
the  hinge. 

Another  way  of  making  a  hinge-  ■ 
joint  connection  is  by  means  of  a 
piece  of  a  flexible  conductor,  such, 
for  example,  as  lamp  cord,  which  is 
attached  rigidly  at  one  end  to  the 
inside  of  the  box,  and  at  the  other 
to  the  inside  of  the  cover,  and  sold- 
''"'■ '  ered  to  the  other  wires  or  else  fast- 

ened firmly  under  binding  posts  or  screws. 

8.  In  permanently  securing  wires  to  binding  posts,  as  on 
the  inside  of  the  box,  the  custom  has  been  to  clamp  the  wire 
between  two  copper  washers  by  means  of  the  screw  that 
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passes  through  the  wood  of  the  box  and  holds  the  bindinE; 

poms  in  position.  This  method  is  not  altogether  satisfac- 
tory and  frequently  causes  open  circuits,  by  reason  of  the 
fact  ihat  wood  often  shrinks  under  the  pressure  of  the  screw 
and  thus  loosens  the  contact  between  the  washers  and  the 
wire.  A  better  method  is  to  solder  the  wire  directly  to  the 
binding  post  or  to  the  screw  entering  the  binding  post;  and 
I   in  doing  this,  care  must  be   taken    that   the  wood  is   not 

I  bunied  to  such  an  extent  as  to  loosen  the  post.  Where  the 
I  passes  through  metal  instead  of  wood,  it  is  safe  to 

I  make  the  connection  without  soldering,   because   there   is 

I  BO  danger  due  to  shrinkage. 


9.     BtnilltiK  Posts. — Binding  posts  are  used  for  joining 
wires  where  it  is  probable  that  the  conductors  must  some- 


times  be  disconnected;  therefore,  they  must  be  capable  of 
securely  holding  another  wire  in  such  a  manner  that  the  con- 
nection will  always  be  firm  and  not  liable  to  work  loose  from 
any   cause    whatever.      The   manner    of   connecting   wires 
fpenuanently  with  the  binding  posts  that  are  to  form  their 
rterminals  has  already  been  described.     The  binding  posts  of 
jccivers  are,  perhaps,  subject  to  the  most  severe  use,  due 
I  to  the  constant  handling  of  the  receiver. 

One  form  of  binding  post  is  shown  in  Fig.  2,  in  which  the 

ktMUte  of  the  posts  ia  formed  of  a  sheet  of  spring  German 

i^nver,  having  two  upwardly  turned  spring  clips  s,  s,  provided 

I  their  tops  with  notches  in  which  the  receiver-cord  tip  or 

may  rest.     The  screw  b,  engaging  the  nut  «  on  the 
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opposite  side  of  the  material  to  which  the  post  is  to  be 
attached,  is  provided  with  a  large,  flat  head,  adapted  to  bind 
firmly  against  the  cord  tip  or  wire,  and  to  press  it  more 
securely  against  the  clips  s,  s.  As  the  screw  is  forced  down, 
the  clips  yield,  owing  to  their  elasticity,  until  finally  the  head 
of  the  screw  comes  into  contact  with  the  upwardly  turned 
lug  p,  also  on  the  base  plate,  against  which  it  engages  by 
friction,  thus  preventing  its  working  loose.  The  firm  con- 
nection made  by  this  post  will  be  independent  of  the  shrinkage 
of  the  wood  or  other  materials  through  which  it  passes,  as 
long  as  its  shrinkage  is  not  so  great  as  to  allow  the  clips  5,  s 
to  resume  their  normal  position.  The  space  due  to  the 
shrinkage  of  the  wood  will  be  taken  up  by  the  elasticity  of 
the  clips,  which  will  still  clamp  the  chord  tip  firmly  against 
the  head  of  the  screw. 

10.  In  fastening  a  wire  to  an  ordinary  binding  post,  care 

should  be  taken  not  to  allow 
the  free  end  to  overlap,  as 
shown  at  c,  Fig.  3  (a);  for  when 
this  condition  exists,  tightening 
the  upper  nut  will  bring  all  the 
pressure   to   bear   at    this    one 

point,  to  which  the  surface  con- 
tact between  the  wire  and  nuts  will  be  restricted.  The 
contact  will  then  be  very  poor.  When,  however,  the  wire 
is  laid  on  the  lower  nut  in  the  manner  shown  in  Fig.  3  (d), 
the  bearing  surface  between  the  wire  and  the  two  nuts  will 
be  extended  throughout  the  length  of  the  circle,  and  the 
contact  will  be  very  much  better.  Moreover,  with  the  con- 
ditions shown  in  (a),  the  wire  is  liable  to  become  flattened 
at  Cf  in  which  case  the  upper  nut  will  become  loosened  and 
the  wire  will  no  longer  be  held  firmly. 

11.  Cords  for  desk  stands  and  other  purposes  are  ter- 
minated by  the  Kellogg  Switchboard  and  Supply  Company, 
as  shown  in  Fig.  4.  First,  the  outer  braiding  is  bound  with 
bare  wire,  as  shown  at  (a);  then  a  sheet  metal  punching  is 
clamped  over  the  bare  wire,  as  shown  at  (^),  thus  holding 


^Bthe  braid  Grmly,  so  that  it,  instead  of  the  conductor,  will 
^^bcceive  alt  the  stress;  and,  finally,  a  one-piece  cord  tip  is 
^P  placed  in  position  and  soldered  to  the  punching  and  binding 
B    wire;  the  finished  terminal  is  shown  at  (ir). 

12.  TranBinitier  Arms. — Transmitter  arms  are  now 
usually  made  hollow,  so  that  two  cords  concealed  within  the 
arm  can  be  used  to  connect  the  transmitter  with  the  tele- 
phone   circnit,      This    allows    the    metal   of    the   arm    to   be 

niirely  insulated  from  the  telephone  circuit,  so  that  one  is 


[ess  liable  to  obtain  a  shock  by  coming  in  contact  with  the 
1  or  transmitter. 

Transmitter  arms  are  now  usually  provided  with  stops 

lal  prevent  too  great  a  movement  above  and  below   the 

orizoQtal    position.     If    a    granular-carbon    transmitter    is 

tilted  at  too  great  an  angle,  the  granular  carbon  will  cover 

flly  a  small    portion  of   the    undermost   electrode,    so  that 

;  resistance  of  the  transmitter  will  prevent  the  operation 

p[  Uie  signal  in  a  central -energy  exchange  and  will  interfere 

Iso  with  its  action  as  a  transmitter.     Trouble  with  trans- 

bilter  cords  is  eliminated  also  by  concealing  them  within  a 

tollow  arm. 

13.  Mason  Ann. — The  method  of  making  the  joint  in  the 
ICasoti  transmitter  arm  is  shown  in  Fig.  5.  The  hollow  arm  a 
I  held  in  position  without  touching  the  ears  e.  e  of  the  sup- 
nning  plate  by  means  of  a  pivot  pin  c,  on   the  end  b  of 
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wbich  is  a  head,  sligfatly  spread  so  that  it  cannot  be  drawn 
through  the  ear  e;  on  the  other  end  a  sleeve  A  slides  loosely 
on  the  pin  and  contains  a  recess  for  a  spring  s  that  provides 
a  uniform  tension  on  the  pin  c.  The  sleeve  may  be  made 
without  a  recess,  no  spring  then  being  used.  By  means  of 
a  thumb  nut  d,  the  friction  between  the  conical  surfaces  in 
the  arm  a  and  pieces  l>,  k  may  be  adjusted  until  it  is  sufficient 
to  hold  the  arm  in  any  position,  and  yet  not  so  great  as  to 
prevent  its  being  moved.  There  are  pins  /,^  in  the  sleeve  h 
and  head  b  to  prevent  them  from  turning.  Since  the  arm  a 
does  not  touch  the  ears  e,  e,  the  surfaces  between  them 
require  no  finishing.  No  tools  are  needed  for  adjustment, 
and  it  is  claimed  that  the  bearing  cones,  which  may  be 
turned  out  by  automatic  machinery  from  steel,  will  not 
wear  or  work  loose,  and  that  the 
construction  is  such  that  it  is  cheap 
to  manufacture,  as  well  as  being  a 
good  mechanical  joint. 

14.  WoodTvork. — The  wood- 
work forming  telephone  cabinets 
or  _  boxes  is  usually  of  oak  or 
walnut.  Mahogany,  cherry,  syca- 
more, and  other  varieties  of  wood, 
are  also  occasionally  used  where  it 
^°-  *  is  desired  to  match   the   furniture 

and  fittings  of  the  rooms  in  which  they  are  to  be  placed. 
The  prime  requisite  in  wood  for  this  purpose  is  that  it  shall 
be  thoroughly  seasoned  and  free  from  knots  and  checks. 
The  custom  hitherto  has  been,  in  the  ordinary  wall  instru- 
ment, to  make  the  generator  box  and  the  box  containing 
the  batteries  of  S-inch  stuff;  this  thickness,  however,  is 
hardly  sufficient  to  withstand  the  usage  to  which  telephones 
are  frequently  put,  both  in  shipment  and  in  actual  service, 
and  a  far  better  plan  is  to  use  i-inch  wood,  which  makes  a 
much  more  substantial  and  durable  construction.  The  wood, 
both  inside  and  outside,  should  be  filled  with  oil,  varnish, 
or  shellac,  to  prevent  the  absorption  of  moisture. 
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15*  Btttters'  Box. — In  wall  sets,  the  battery  is  frequently 
mounted  in  a  separate  box  placed  on  the  same  backboard 
Ihe  telephone  and  signaling  instruments,  and  below 
tbem.  Many  designs  of  battery  boxes  have  been  used. 
A  very  convenient  arrangement  for  supporting  the  battery 
jars  is  shown  in  Fig.  6.  A  shelf  of  cast  iron  secured  directly 
lo  the  backboard  is  provided  for  the  reception  of  the  battery. 
The  wires  leading  from  the  apparatus  in  the  local  circuit  of 
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brought  through  the 
backboard  at  a  conve- 
oient  point,  as  at  a,  a'. 
After  connecting  the 
wii^s  to  the  terminals 
of  (be  battery,  the 
battery  box  proper  is 
put  in  place,  being 
held  by  clips  c.c' 
engaging  against 
similar  chps  on  the  { 
battery  box.  A  down- 
ward pressure  on  the 
box  serves  to  clamp 
il  more  tightly,  while 
it  may  be  removed 
at   any   time   by   stri-  ""' 

king  it  a  blow  from  beneath.  The  advantages  of  this  type 
of  box  are  that  all  its  parts  are  readily  accessible,  which  is 
not  the  case  where  the  box  is  secured  permanently  to  the 
backboard,  the  lid  only  being  removed  to  allow  access  to 
Ihe  cells.  Inasmuch  as  the  top  of  the  box  is  nearly  always 
used  lo  a  certain  extent  as  a  writing  desk,  the  downward 
pressure  on  the  lid  will  only  serve  to  clamp  it  tighter; 
whereas,  with  a  separate  ltd,  the  reverse  is  frequently  true. 
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FORMS  OF  TBIiEPHONB  SETS 


WALL    SETS 

16.  As  telephone  sets  are  made  in  many  ways,  it  is  not 
advisable  to  describe  or  illustrate  here  more  than  one  wall 
and  one  desk  set.  A  common  form  of  local-battery  bridging 
wall  telephone  made  by  the  Sumter  Telephone  Manufactur- 
ing Company  is  shown  in  Fig.  7.  It  has  two  dry  cells  in  the 
lower  compartment  for  operating  the  transmitter  71  which  is 
mounted  on  the  end  of  a  hollow  steel  arm  dy  having  as  much 
of  an  adjustable  up-and-down  movement  as  is  advisable. 
Some  cabinets  are  made  large  enough  to  hold  either  two 
dry  or  two  Leclanch^  cells. 

The  hook  switch,  which  is  self-contained,  and  the  induction 
coil  are  placed  in  the  upper  compartment,  in  which  room  is 
also  provided  for  the  bell,  which  is  mounted  on  the  door. 
Strips  of  sheet  copper  z/,  w^  soldered  to  the  hinges  and 
securely  fastened  in  place,  connect  the  bell,  through  hinges 
having  spiral  springs,  to  the  other  part  of  the  bell  circuit, 
while  flexible  cords  are  used  for  extending  the  primary  cir- 
cuit to  and  through  the  cover  and  the  hollow  arm  d  to  the 
transmitter.  It  is  no  longer  considered  good  practice  to  use 
the  transmitter  arm  as  one  side  of  the  transmitter  circuit. 

In  the  middle  compartment  is  mounted  a  five-bar  bridging 
generator,  which,  being  heavy,  is  fastened  to  the  woodwork 
at  the  bottom,  and  also  by  means  of  a  clamping  plate  located 
near  the  top  and  at  the  back  of  the  permanent  magnets. 
At  r,  e  are  shown  the  terminal  connections  of  the  generator. 

The  terminals  of  the  telephone  circuit  are  brought  to  the 
line  binding  posts  A^  A\  to  which  the  line  wires  are  to 
be  fastened.  Although  the  proper  place  for  a  lightning 
arrester  is  somewhere  in  the  circuit  outside  the  telephone 
instrument,  the  demand  for  a  lightning  arrester  on  the 
telephone  compels  most  makers  to  place  one  on  instru- 
ments for  the  use  of  private  parties  and  small  telephone 
companies. 
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connected  by  a  wire  with  a  plate  or  pipes  buried  in  moist 
ground.  A  lig^htning  discharge  coming  in  over  either  line 
wire  jumps  from  either  plate  niy  n  through  the  narrow  gap 
filled  with  air  or  mica  to  the  plate  connected  to  G  and  thence 
to  the  ground. 

It  is  advantageous 
to  have  a  conspicu- 
ous ntmiber  plate  on 
each  telephone,  so 
that,  if  the  telephone 
number  is  requested 
while  parties  are 
talking,  it  can  be 
readily  given,  thus 
saving  the  time 
required  to  look  it 
up.  Such  a  number 
plate  is  shown  on 
the  transmitter  case 
in  the  Dean  desk 
stand,  Fig.  9. 

17.  Common- 
Battery  Wall  Tele- 
phone. — The  gen- 
eral appearance  of  a  common-battery  wall  telephone  is  well 
represented  by  the  instrument  made  by  the  North  Electric 
Company  and  shown  in  Fig.  8  (a).  At  (b)  and  (c)  the 
instrument  is  shown  open  for  inspection,  all  parts  and 
circuits  being  readily  accessible,  and  so  arranged  that  any 
part  can  be  removed  without  interfering  with  the  other  parts  of 
the  instrument.  The  bell  and  hook  switch  are  self-contained, 
and  the  latter  has  platinum  contacts.  The  condenser  d  and 
much  of  the  wiring  is  in  a  cavity  in  the  backboard. 


Fig.  9 
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18.  For  business  men  who  wish  to  be  able  to  use  the 
telephone  without  leavirg  their  desks,  the  form  of  instru- 
ment shown  in  Fig.  9  is  very  convenient.  This  set  is  typical 
of  many.  The  hook  is  usually  adapted  to  brins  about  the 
same  changes  in  circuits  as  those  already  described,  but  are 
necessarily  somewhat  modified  in  their  mechanical  form  in 
order  to  be  available  for  use  in  this  form  of  instrument.  The 
hook  lever  usually  projects  from  the  side  of  the  standard  that 
supports  the  transmitter. 

In  desk  sets,  the  induction  coil  may  be  mounted  in  the 
base  of  the  standard  supporting  the  transmitter  and  receiver. 


The  generator  and  ringer,  or  whatever  calling  apparatus  is 
used,  is  mounted  on  a  separate  portion  of  the  de^,  so  as  to 
be  out  of  the  way,  and  yet  within  the  reach,  of  the  user.  The 
connections  between  the  calling  apparatus  and  the  talking 
apparatus  are  usually  made  by  means  of  a  flexible,  silk- 
covered,  conducting  cord  containing  three  or  four  separate 
conductors.  This  flexible  cord,  which  of  course  is  entirely 
separate  from  the  receiver  cord,  serves  merely  to  make  the 
connections  between  the  calling  apparatus  and  the  telephone 
instruments  proper. 
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19.  The  Dean  Electric  CotnpaDy's  desk  stand  is 
shown  in  Fig.  9.  The  steel  tubular  standard  s  is  covered  by 
an  insulating  composition,  or  hard  rubber  shell.  This  desk 
stand  has  the  hook  switch  contact  springs  mounted  within 
the  base,  as  shown  at  a.  Fig.  10,  so  that  the  platinum  con- 
tact points  are  open  for  inspection  by  simply  removing  the 
bottom  of  the  base.  The  motion  of  the  receiver  hook  k  is 
transmitted  to  the  contact  springs  a  by  an  intermediate  lever 
6,  which  is  pivoted  at  e  to  the  steel  inner  frame  m  of  the 
stand.  The  upper  end  of  lever  6  is  forked  to  embrace  a 
pin  /  in  the  bell-crank  il  of  the  hook  lever  A,  while  the  lower 
end  is  also  forked  as  shown  at  J  to  embrace  and  operate  the 
circuit-changing  springs  a.  A  main  spring  i  attached  to  the 
frame  w  engages  the  bell-crank  li  so  as  to  raise  the  hook  A 
when  the  receiver  is  removed. 

The  top  of  the  steel  inner  frame  m  carries  the  transmitter  «, 
white  the  lower  end  has  two  insulated  contact  studs  e>,fi  that 
are  located  so  as  to  engage  the  two  flexible  springs  r  and  g, 
respectively,  and  carry  the  transmitter  circuit  to  the  base  of 
the  stand.     This  inner  frame  m  is  arranged  to  slide  into  the 
tabular   standard,  where  it  is  securely  locked  by  a  spring 
cat<^  (see  Fig.  il)  attached  to  the  frame;  a  hole  in  the  spring 
tcatch  slips  over  a  projection  on  the  inner  side  of  the  tubular 
llandard.     This  construction  allows  the  entire  mechanism  of 
le  desk  stand  to  be  readily  exposed  for  examination  with- 
disturbing  the  wiring  or  removing  any  smM  parts,  such 
OS  screws,  that  are  liable  to  become  misplaced  or  lost.     The 
inner  frame  has  a  key   fitting  into  a  slot  in  the  top  of  the 
tube,  so  as  to  prevent  either  from  turning  and  to  keep  the 
irts  in  proper  condition  relatively  to  the  base. 
A  novel  feature  of  this  desk  stand  is  the  removable  circuit 
plate  which  contains  all  the   talking-circuit  apparatus  com- 
pletely wired  to  form  a  unit.     These  units  are  interchange- 
able and  are  arranged  for  local  or  common-battery  service, 
le  remainder  of  the  desk  stand  being  the  same  for  both 
ircuits. 
Fig.  10  shows  the  arrangement  of  the  circuit-plate  appa- 
Itus  for  a  coramon-battery  desk  stand,  which  consists  of  a 
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coil  u,  receiver  and  desk-cord  terminal  block  zc,  hook-switch 
contact  springs  a,  and  transmitter  terminal  springs  g,  r. 
These  parts  are  insulated  from  each  other  and  from  the  steel 
mounting  plate  v,  the  latter  being  designed  to  be  fastened 
within  the  base  of  the  desk  stand  b;  means  of  three  screws.  . 

20.  Ad]  us ta phone. — In  Pig.  11  is  shown  an  adjustable 
telephone,  frequently  called  the  adjustaphone.  This  adjast- 
aphone  has  a  double  extension  a  be,  givine;  a  reach  of  about 
27  inches.  It  is  also  made  with  only  one  extension  a  ^aad  with 
different  mounting  bases,  so  that  it  may  be  secured  to  hori- 
zontal, or  vertical,  surfaces,  that  is,  to  flat-top  desks  or  to 


walls  and  roll-top  desks.  The  box  d  encloses  the  hook  switch 
and  cord  connections,  and  the  transmitter  is  adjustably 
secured  to  it.  The  lever  arms  and  base  are  made  of  steel. 
The  adjustaphone  is  more  convenient  in  many  cases  than 
either  wall  or  desk  sets,  and,  as  it  cannot  be  dropped,  is 
subject  to  less  damage  than  desk  stands. 


CABIKKT    DESK    BETS 

21.  Still  another  form  of  instrument  that  is  convenient 
for  large  offices,  for  telephone  booths,  and  for  private  resi- 
dences, is  the  cabinet  desk  set,  one  type  of  which  is  shown 
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1  Fig.  12.     In  this,  the  transmitter  is  usually  mounted  on  a 

gooseneck  arm  rigidly  secured  to  the  top  of  the  desk.  The 
P  generator,  ringer,  induction  coil,  and  hook  switch  are  mounted 
[on  the  top  of  the  desk,  but  are  enclosed,  as  shown,  by  a 

cabinet  having  a  glass  front,  so  that  all  parts  are  clearly 

bisible.  The  generator  crank  projects  from  the  right-hand 
^de  of  this  cabinet,  while  the  hook   switch  on  which   the 

receiver  is  hung  projects  from  the  left-hand  side. 
The   batteries    are 

mounted  within   a 

box    Jusl    under    the 

desk    top,  the    front 

board    B    of     which 

box  is  usually  made 
I  removable,  in  order 
I  to  gain  access  to  the 
I  batteries.  These 
)  desks  are  very  con- 
>  venient,  and  may, 
\  jnoreover,  be  made 
ornamental  as 
I  desired  by  incorpora- 
\  ting  in  them  the 
■^finest  workmanship 
land  design.  The 
kmelallic  parts  of  the 
I  calling  apparatus  are 
I  Usually   nickel-plated 

and   highly   polished, 

class  front,  present  a 


and   when   seen    through    a   beveled 
very  attractive  appearance. 


SUBSTATION   PKOTECTING    DEVICES 

23.     Telephone  circuits  must  be  protected  against  light- 

hiing,  high-potential  currents  {which  may  be  produced  by  a 

6  with  electric  light  or  power  wires),  and  sneak  c 

Bwbich  are  too  small  tu  du  instantaneous  damage,  but  which 

may,  if  they  persist,  cause  the  accumulation  of   sufficient 


18  TELEPHONE  INSTRUMENTS  §8 

heat  to  damag:e  the  apparatus).  Any  one  of  these  may  cause 
a  fire,  but  only  the  first  two  are  dang^erous  to. human  life. 
A  complete  system  of  protection  would  comprise  a  fuse,  a 
heat  coil,  a  carbon  lightning  arrester,  and  a  grounding  device 
for  each  line;  and  during  the  past,  a  number  of  devices, 
designed  to  do  various  parts  of  this  work,  have  been  placed 
on  the  market  by  different  manufacturers.  The  Fire  Under- 
writers* Association  requires  all  protecting  devices  to  be 
mounted  on  porcelain  or  other  non-combustible  bases. 

Telephone  protectors  may  be  classified  in  three  divisions: 
(1)  protectors  for  telephone  instruments  at  the  subscriber's 
station;  (2)  protectors  for  switchboards  at  the  exchange 
office;*  (3)  protectors  for  cables,  ordinarily  placed  on  the 
poles.  Only  devices  of  the  first  class,  which  are  frequently 
termed  siibstatiou,  or  individual,  protectors,  will  be 
considered  here.  

LIGHTNING    ARRESTERS 

23.  A  li|jchtnin|jc  arrester  is  a  device  designed  to  pro- 
tect apparatus  from  injury  during  lightning  storms,  due  to 
atmospheric  electricity,  which,  when  it  charges  or  strikes  the 
line  wires,  causes  a  dangerous  current  to  follow  them  into 
the  apparatus.  If  unprotected,  the  coils  of  the  instruments 
would  often  be  burned  out,  and  any  one  using  the  telephone 
at  the  time  might  be  injured.  The  lightning  arrester  is  fre- 
quently called  a  static  arrester. 

The  lightning  arrester  shown  in  Fig.  13  and  made  by  the 
Stromberg-Carlson  Telephone  Manufacturing  Company  for 
use  on  telephone  instruments  well  illustrates  this  type  of 
protei-ting  device.  It  consists  of  three  parts  insulated  from 
each  other;  a  carbon  block  a  is  in  contact,  through  the  metal 
piece  hy  with  the  binding  post  Z",  which  is  connected  to  one 
line  wire;  similarly,  the  carbon  block  d  is  in  contact,  through 
the  metal  piece  j\  with  the  binding  post  5,  which  is  connected 
to  the  other  line  wire.  The  carbon  blocks  byC,  which  are 
insulated  from  the  carbon  blocks  a,  d  by  thin  pieces  of  mica 
or  oiled  silk  e,  /,  are  in  contact,  through  the  metal  pieces  /,  /, 
with  the  binding  post  6",  which  is  connected  to  the  ground. 
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I  The  pieces  i,  i'  do  not  touch  the  carbons  a,  d.     The  carbons 
I  are  of  such  size  as  to  ofiEer  a  sufficiently  large  discharge  surface 
\  between  them,  and  are  inserted  between  stiff  springs  that  keep 
Ibem  under  constant  pressure  and  so  insure  good  contact  with 
Ihem,     The  support  at  one  side  of  the  carbon  block  extends 
over  the  top  of  the  carbons  sufficiently  to  cover  the  opening 
between  them,  thus  preventing  dust  and  other  particles  from 
lollecting  at  this  point.     The  carbons  may  be  removed  with- 
out difficulty  by  simply  pushing  them  upwards  from  between 
I  the  springs.     The  points  of  the  saw-toothed  edges  on  the 
I  pieces  A  and  /  are  quite  close  to  the  grounded  piece  /,  i.  and 
\  are  supposed  to  facilitate  the  passage  of  a  spark  across  this 
>.  part  of  the  aii  gap.     The  efficiency  of  this  part  of  the  device, 


Fig. 13 

I  which  resembles  an  arrester  now  generally  discarded,  is 
{doubtful,  although  its  presence  is  certainly  not  harmful. 

24.  Distance  Between  Carbons. — When  devices  of 
llhis  character  are  used  to  protect  exchange  apparatus,  the 

Carbons  are  separated  by  an  insulating  material  e,  f  .005  inch 
Itfaick.  which  will  allow  a  difference  of  potential  of  3.50  or 
Etnore  volts  to  break  down  or  puncture  the  air  gap  or  insu- 
I  ladng  material  between  them,  thus  allowing  the  discharge 

coining  over  either  line   to  pass  to  the  ground  instead  of 

through  the  apparatus,  which  it  is  apt  to  damage.  When 
I  placed  on  telephone  instruments  connected  with  exchanges, 
I  however,  they  are  comparatively  inaccessible  to  the  exchange 

attendants,  hence  tliey  are  provided  with  a  slightly  wider 
L  air  gap  than  is  used  on  the  exchange;  probably  from  ,01 
.015  inch  represents  the  best  practice  in  these  cases. 
I  Thus  the  exchange  arrester,  which  can    be  more  easily 
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attended  to,  will  usually  operate  first,  and  So  prevent  the 
operation  of  the  substation  arrester  and  a  trip  to  repair  it. 

Mica  is  probably  the  best  insulating  material  for  this  pur- 
pose, as  it  does  not  carbonize.  Where  paper  is  used,  it 
should  be  renewed  after  every  severe  lightning  storm. 
Arresters  of  this  type  are  extensively  used  in  the  United 
States  by  both  telegraph  and  telephone  companies  and  are 
built  in  a  great  variety  of  forms. 

25.  Action  of  liightnlniir  Arresters. — The  resistance 
offered  by  the  insulation  between  the  two  plates  is  the  same 
for  alternating  currents  of  high  or  low  frequency  as  it  is  for 
steady  direct  currents.  But  lightning  discharges  are  usually 
considered  to  be  oscillatory  in  character,  that  is,  the  current 
surges  back  and  forth  thousands  of  times  per  second,  and  a 
coil  of  wire,  especially  when  wound  on  an  iron  core,  has 
a  very  much  greater  resistance  for  such  a  current  than  for  a 
steady  direct  one. 

The  excess  resistance  that  a  coil  of  wire  offers  to  an 
alternating  current  over  a  direct  current  is  due  to  that 
property  of  the  coil  called  its  inductance.  For  a  given  coil  and 
a  given  intensity  of  the  magnetic  flux,  the  inductance  L  is 
constant,  but  the  apparent  resistance  opposing  the  current 
increases  rapidly  as  the  number  of  alternations  of  the  cur- 
rent per  second  increases;  that  is,  the  higher  the  frequency 
of  alternation,  the  greater  will  be  the  so-called  apparent 
resistance  of  the  coil  of  wire.  To  a  steady  direct  current, 
the  resistance  of  a  given  circuit  is  found  by  Ohm's  law  to 

be  y?  =  -^.  But  when  E  and  /  are  alternating  in  character, 
the  relation  between  E  and  /  will  have  so  changed  that  the 
quotient  -y  will  no  longer  give  the  same  value  for  the  resist- 
ance as  found  above,  but  will  give  some  other  value,  which 
we  will  call  Z.  It  is  a  well-recognized  fact  that  for  a  simple 
alternating  current  the  value  of  Z  may  be  found  from  the 
following  formula: 
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which    R  =  the  ordinary  resistance  the  circuit  will  offer 

to  a  steady  direct  current; 

L  =  inductance  of  circuit; 

JT  =  3.1416; 

n  =  frequency. 

The  frequency  is  the  number  of  complete  cycles  per  second, 

•T  twice  the  number  of  alternations  per  second.     The  quantity 

■^fi*  +(2r-nZ.)'  is  called  the  impedance  of  the  circuit,  whose 

ihmic   resistance   is  Ji  and  whose   inductance   is  L.    The 

'aiue  of  this  expression  evidently  increases  if  any  of  the 

lilies  R,  II,  or  L  increases,  and  decreases  if  any  of  them 

decreases.     For  a  lightning  discharge,  k  is  very  large,  but 

for  an  air  gap,  even  if  the  air  space  is  replaced  with  mica  or 

any  other  insulating  material,  Z.  is  zero.     Consequently,  the 

impedance  of  the   air  gap  is  always  about  equal  to  J?,  no 

matter  how  large  n  is,  because  2  ,t  h  /,  is  zero  when  L  is  zero. 

Therefore,   V^'  +  (2n'«A)*  =  R  when  L  =  0.     But  for  the 

coils  on  the  instrument,  /,  has  an  appreciable  value;  it  may 

amount  to  several  henrys  or  more.     Consequently,  when  « 

has  a  very  large  value  and  L  is  not  too  small,  the  value  of 

V^  +  (2n-nZ,)*  will  be  very  large.     As  a  matter  of  fact,  « 

is  large  enough  in  lightning  discharges  to  make  the  value 

of  Jf  insignificant  compared  to  {2j:hL)'.    Therefore,  for  a 

lightning  discharge,  the  impedance  of  the  air  gap  remains 

equal  lo  /t,  because  L  is  zero,  as  already  stated;   but  the 

jl      impedance  of  the  coils  of  wire  in  the  instrument  increases 

^^bo  much  in  value  that  the  air  gap  becomes,  for  a  lightning 

^^Wischarge,  a  path  of  low  resistance  in  comparison  with  it, 

l^^^nd  since  a  current  will  always  take  the  easiest  path,  the  dis- 

II      charge  will  jump  the  air  gap  in  its  efifort  to  reach  the  ground, 

in  preference  lo  going  through  the  coils  on  the  instruments. 

If  the  lightning  discharge  were  compelled  to  go  through 

ihe  coils  lo  earth,  it  would  invariably  bum  out  the  fine  wire 

in    Ihe   coils    and    also  ground    the   coil  to  the   iron   core. 

It    would   thus   ruin    Ihe   coil,  and,   in   its   effort   to  reach 

the    ground,    would    probably    do    much    damage.      Direct 

R'tjr  low-frequency  currents    under  3-50  volts  will  not   jump 

1  air  gap  of  .005  inch,  because  the  difference  of  potential 
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is  not  cn^eat  enough,  and  because  to  them  the  coils  offer 
an  easier  path. 

26.  The  grround  wire  for  lightning  arresters  should 
take  the  shortest  and  most  direct  route  from  the  arrester  to 
the  grotmd.  It  should  also  have  as  few  bends  and  turns 
as  possible,  as  in  the  case  of  violent  discharges  the  lightning 
is  very  apt  to  take  short  cuts  through  combustible  materials 
and  thereby  do  considerable  damage.  Never  use  a  spiral  of 
wire,  called  a  pig  tail,  between  the  ground  side  or  terminal 
of  an  arrester  and  the  ground.  Experiment  seems  to  show 
that  iron  wires  will  conduct  lightning  as  well  as  copper 
wires,  and  that  is  it  quite  immaterial  whether  or  not  the  con- 
nection of  the  ground  wires  is  soldered,  provided  that  no  air 
gaps  of  great  length  occur  at  any  of  the  connections.  It  is 
obvious  that,  if  lightning  will  jump  over  air  spaces,  a 
poor  joint  will  offer  but  little  opposition  to  such  a  discharge. 
Nevertheless,  it  would  seem  advisable  to  make  all  the  joints 
good,  and  thus  offer  as  good  a  path  as  possible  to  the  ground. 

Carbon-block  lightning  arresters  should  be  taken  apart, 
cleaned  by  wiping  or  blowing  away  all  carbon  dust,  and 
carefully  put  back  in  proper  order  after  lightning  storms, 
especially  after  severe  ones.  This  should  be  done  by  all 
subscribers  and  telephone  owners  in  country  and  thinly 
populated  districts,  where  bare  line  wires  are  very  much 
exposed,  but  it  is  rarely  necessary  in  a  city. 

27.  Carbon  Blocks. — The  carbon  blocks  used  in  static 
arresters  at  exchanges,  substations,  and  elsewhere  are  usuallv 
of  the  shape  shown  at  H^  H\  Fig.  14.  The  mica  is  cut  to  the 
form  shown  at  e,  or  has  holes  punched  through  it,  so  as  to 
more  readily  allow  the  current  to  jump  across  the  air  space 
thus  provided.  When  cut  as  shown  at  e,  the  cut-out  portion 
should  be  placed  downwards,  if  possible,  to  better  allow  any 
carbon  dust  that  may  be  formed  to  fall  out. 

Sometimes  a  drop  of  fusible  metal,  or  a  small  lead  shot 
held  in  place  by  wax,  is  so  placed  in  a  depression  h  that 
normally  it  will  not  touch  the  other  block.  This  block  H^  is 
then   placed  above  block  //',   or  in  such  position  that  the 
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fusible  metal  or  shot,  if  free  to  fall,  will  connect  both  blocks 

and  reduce  the  air-gap  resistance,  practically,  to  zero.     If  a 

current  caused  by  a  high  potential,  350  volts  or  over,  comes 

hi  over  the  line,  it  will  pass  to  the  carbon  block  H' .  jump 

across  the  air  gap  to  the  block  H,  and  pass  to  the  ground.     K 

the  discharge  is  of  sufficient  duration,  the 

fusible  metal  or  wax  in  the  cavity  in  the 

block    H'   will    be    melted,   and   connect 

the    two    carbon    blocks    together,    thus 

completely     grounding     the     line     wire. 

The  idea  was  formerly  held  that  a  heat 

coil,    which  will   be   presently  described,  P'<=-  " 

would  not  operate  without  this  more  complete  grounding 

of  the  line. 

28.  Toll-Line  Arrester. — In  Fig.  16  is  shown  the 
individual  lightning  arrester  made  especially  for  use  on  long 
i  rural,  farmers",  and  toll  lines,  for  protecting  which  it  has 
I  proved  very  successful.  The  binding  post  G,  which  is  in 
I  contact  with  ihe  middle  carbon,  is  to  be  grounded;  one  line 
I  wire  is  connected  to  A  and  one  inslrumeiit  lead  to  B;  the 


other  line  wire  and  instrument  lead  are  connected  to  similar 
binding  posts  on  the  other  side. 

The  outside  carbons  are  insulated  from  the  middle  carbon 
by  thin  sheets  of  mica,  and  the  three  blocks  are  firmly  pressed 
toeether  by  the  springs  c,  d,  which  are  wide  and  strong  enough 
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to  make  good  contact  with  the  outside  carbons.  Nonnall^ 
the  telephone  currents  pass  through  the  outer  carbon  blocfa 
only,  but  lightning  discbarges  readily  jump  to  the  inner  car- 
bon and  pass  to  the  ground.  The  desirable  feature  of  this 
arrester  is  the  large  surface  between  the  line  and  the  grouii<^ 
carbon  plates. 

29.     Tbe  Muson  MiiltidtschiirKe  Arrester.— The  dtj 
tinctive   feature   of    this   arrester,    which    is   made   by   i 
Sumter   Telephone    Manufacturing   Company,   consists, 
shown  in  Fig,  IB,  of  coils  of  bare  wire  s,s  wound  arouoj 


_^«V) 
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rectangular  carbon  blocks  c,c,  from  which  the  turns  are  insu- 
lated by  mica  m,»i,  cut  away  at  the  edECS,  thus  exposing  an 
air  gap  along  each  edge  between  the  conductor  and  the  car- 
bons, which  are  connected  to  posts  ^,^',  either  of  which  may 
be  connected  to  the  ground.  There  is  one  coil  iu  circuit 
with  each  side  of  the  line  and  the  telephone  instramenL_ 
To  the  very  high  frequency  lightning  discharges,  the  coH 
present  a  high  impedance,  or  choking  elTect,  that  tends  I 
force  the  discharges  across  the  many  air  gaps  between  Ih] 
spiral  conductor  and  the  grounded  carbons,  The 
resistance  and  few  turns  in  each  coil  cause  them  to  posseaj 
no    appreciable    impedance    for    the    signaling   or   talklnj 


■  S8 

^B     currents.     The  connections  for  a  complete  metallic-circuit 
I        telephone  are  indicated  in  the  figure.     For  a  ground-return 
circait,  join  a  io  g,  b  to  the  one  line,  and,  as  here  indicated, 
g  10  ground  and  e,  b  to  the  telephone  instrument. 
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FUSES 

30.  Lightning  arresters  protect  apparatus  by  temporarily 
or  permanently  grounding  the  line  wire;  and  in  the  case  of 
a  lightning  discbarge,  which  persists  for  only  a  brief  time,  no 
other  protection  is  necessary.  However,  a  high -potential 
current  due  to  a  cross  between  telephone  and  bigb-potential 
line  wires  is  apt  to  persist  after  the  telephone  line  is  grounded 
at  the  lightning  arrester,  and  thus  cause  a  very  large  current 
to  flow  over  the  conductor  so  grounded,  which  is  very  apt  to 
damage  the  conductor,  especially  if  it  is  in  a  cable.  It  is, 
therefore,  desirable  to  provide  means  for  opening  the  circuit 
after  it  has  been  grounded,  in  case  a  dangerously  large  cur- 
rent is  produced.  This  is  accomplished,  in  a  simple  manner, 
by  the  use  of  a  fuse  wire  of  limited  carrying  capacity.  The 
fuse  is  sometimes  called  the  Uron^-cui-fenl  protector,  because 
it  protects  the  conductors  against  relatively  large  currents, 
that  is.  currents  of  5  or  more  amperes.  If  it  were  not  for 
the  fuse,  the  arc  produced  in  the  lightning  arrester,  due  to  a 
cross  with  a  high-potential  wire,  would  persist  and  probably 
destroy  the  arrester,  and  perhaps  all  other  apparatus  there 
located,  and  even  set  fire  to  the  building.  The  fuse  should, 
therefore,  be  placed  between  the  lightning  arrester  and  the 
open  line  wire  where  the  cross  may  occur;  it  should  not  be 
placed  between  the  lightning  arrester  and  the  telephone 
instrument  or  cable  conductor  that  it  is  used  lo  protect. 

31.  Fuses  are  pieces  of  soft  wire  that  melt  and  open 
the  line  circuit,  if  the  current  exceeds  a  certain  value.  For 
telephone  circuits,  the  capacity  of  a  fuse  depends  on  its 
location.  In  order  to  reduce  expenses  of  maintenance  to  a 
minimum,  the  fuse  at  the  exchange  should  be  of  smaller 
capacity  than  that  at  the  subscriber's  station  or  el.sewhere  in 
the  circuit.     The  exchange  fuse,  which  is  the  easier  replaced, 


A 
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will  usually  then  blow  first,  and  probably  prevent  the  blowing 
of  any  fuse  outside  the  exchange.  The  larger  the  current 
ab6ve  the  limiting  value  or  capacity  of  the  fuse,  the  quicker 
it  will  melt.  When  a  simple  fuse  melts,  it  merely  opens  the 
line  circuit  and  does  not  usually  ground  it;  consequently, 
a  fuse  cannot  be  considered  as  a  protection  against  lightning, 
thou^^h  it  is  a  fairly  satisfactory  protection  against  crosses. 
Enclosed  fuses  are  now  used  extensively  by  both  tele- 
graph and  telephone  companies  to  protect  the  wires  in  cables 
and  apparatus  from  excessive  currents  caused  by  crosses  on 
open  overhead  wires.  The  fuse  shown  in  Fig.  17  consists  of 
an  enameled  wood,  paper,  or  fiber  tube,  about  4  inches  long 
and  i  inch  in  diameter,  with  metal  terminals  secured  to  the 
ends.  The  tube  prevents  the  scattering  of  the  fuse  that  is 
inside,  when  it  melts,  and,  being  almost  air-tight,  protects  the 
fuse  from  currents  of  air,  and  thus  causes  it  to  operate  more 


Fig.  17 

uniformly.  The  fuse  is  made  long,  so  that  at  least  2,000  volts 
at  its  terminals  will  be  required  before  an  arc  can  be  main- 
tained between  them  at,  or  after,  the  melting  of  the  fuse 
Excellent  enclosed  fuses,  mounted  on  porcelain  bases  and 
made  by  the  D  and  W  Fuse  Company,  are  now  used  by  tele- 
graph and  telephone  companies. 


COMBINED    STATIC    AND    FUSIBLE    ARRESTERS 

32.  Cook  Arrester  and  Fuse. — Fig.  18  shows  a  com- 
bined static  and  fusible  arrester,  or,  as  it  is  frequently  termed, 
a  fuse  and  open  space  cut-out  (lightning  arrester),  made  by 
Frank  B.  Cook.  The  fuse  is  enclosed  in  a  substantial  wooden 
cylinder,  at  each  end  of  which  is  attached  a  terminal  so  con- 
trived that  it  may  be  sprung  into  place  between  German- 
silver  clips.     A  fuse  wire  of  any  desired  capacity,  preferably 
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from  5  to  7  atnperes,  is  stning  through  the  center  of  the  cyl- 
inder and  attached  to  the  terminals;  while  a  hole  drilled 
crosswise  in  the  center  of  the  cylinder  allows  the  escape  of 
the  hot  air  and  volatilized  metal  when  the  fuse  blows.  The 
clips  into  which  the  fuse  is  inserted  are  arranged  to  hold  a 
pair  of  carbon  plates,  between  which  a  thiu  sheet  of  mica,  or 
other  non-combustible  material,  perforated  with  three  holes, 
is  placed.  This  air  gap  can  be  adjusted  by  varying  the  thick- ' 
ness  of  the  mica  for  any  desired  potential. 

The  combination  of  static  arresters  and  long  fuses  forms  a 
very  efficient  protection  for  the  telephone  instrument,  the 
premises,  and  for  the  line  conductor.     Carbon  blocks  should 


I 


never  be  used  without  a  long  fuse  on  the  line  side,  other- 
wise a  dangerous  fire  may  result.  An  exception  may  some- 
times be  made  on  rural  lines,  where  there  are  no  electric 
light,  power,  or  other  circuits  in  the  neighborhood. 

33.  A  form  of  arrester  largely  used  among  independent 
lelephone  companies  consists  of  a  small  (use  block  on  which 
is  mounted  a  very  fine  fuse  about  2  inches  in  length.  In 
order  to  prevent  breakage  of  the  fuse  wire  itself,  it  is  usually 
mounted  on  a  thin  strip  of  mica,  being  secured  thereto  by 
shellac.  The  mica  strip  is  provided  with  metal  terminals, 
which  may  be  slid  between  the  clips  of  the  fuse  block.  The 
fuses  ased  are  generally  rated  at  i,  i,  or  i  ampere;  these 
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ratings  are  not  at  all  reliable,  however,  and  it  is  aot  an 
unusual  thine  to  find  a  fuse  whose  rated  capacity  is  i  ampere 
carry  over  1  ampere.  These  fuses  will  in  many  cases  protect 
telephone  apparatus  from  the  damaging  effects  of  small  cur- 
rents. They  cannot,  however,  be  depended  on  to  afford  pro- 
tection from  either  lightning  or  crosses  with  high-potential 
light  or  power  circuits.  They  are  not  as  reliable  as  heat 
coils,  which  will  be  considered  presently,  nor  should  they  be 
used  for  the  same  purpose  as  the  longer  enclosed  fuses. 

34.  Since  short  fuses  of  the  character  just  described  can 
be  depended  on  for  protection  only  against  small  currents 
and  low-potential  circuits,  they  are  placed  between  the  light- 
ning arrester  and  the  telephone  instrument. 

In  Fig.  19  is  shown  an  arrester  designed  to  give  protection 
from  both  lightning  and  low-tension  currents.     The  fuses  are 


mounted  on  mica  strips  ^,A'  that  are  held  in  place  between 
the  metallic  clips  ff,B'.  C.C  are  upright  strips  of  brass 
permanently  connected  with  the  binding  post  G,  which  is 
grounded.  Between  the  clip  C  and  the  upright  spring  D, 
which  is  in  metallic  connection  with  the  fuse  clips  B  and 
also  with  the  binding  post  L,  are  placed  two  carbon 
blocks  £,  E',  held  apart  by  a  thin  strip  of  mica  e.  This 
strip  of  mica  often  has  a  small  piece  cut  out  at  its  center, 
in  order  to  allow  the  arc  between  the  two  carbons  to  start 
a  little  easier.  L,  L'  are  the  line  binding  posts,  while  /,  /' 
are  the  posts  connected  with  the  instrument  to  be  pro- 
tected.    The  normal  circuit   through  this  arrester  is  from 


TELEPHONE  INSTRUMENTS 


29 


the  post  L  to  the  clips  B,  B,  through  the  fuse  wire  to  the 
clips  B\  B',  to  the  binding  post  /.  A  current  of  sufficient 
strength  will  melt  ihe  fuse  on  A  and  open  the  circuit.  If 
the  current  is  of  sufficiently  high  voltage,  it  will  jump  across 
the  sraall  gap  between  the  two  carbon  blocks  /;~,  E',  formed 
by  the  mica  strip  f,  and  pass  to  the  plate  C  thence  through 
the  binding  post  G  to  ground.  The  carbon  blocks  can  be 
easily  and  quickly  slipped  out.  cleaned  or  repaired,  and 
relomed   to  their  places,   or  new  ones  substituted. 


|wi< 


BNEAK-C[TRRE>T    PROTECTORS 

SueRk  currents  may  be  caused  by  the  telephone 


35, 

le   coming    in    contact   with   a  low-potential   line,  such  as 
an    incandescent-light   or   telegraph    line,   or   with  a    high- 
potential  line  through  a  high  resistance.     In  central-energy 
systems,    another   cause   of   sneak   currents   is   due  to  the 
grounding  of  one  of  Ihe  telephone  wires  or  the  crossing  of 
two  telephone  wires,  in  which  cases  the  current  produced 
hy  ihe  common   battery    alone   may  be  sufficient  to  cause 
iltimate  damage  to  the  apparatus.     However,  such  damage 
'ould  be  confined  usually  to  apparatus  at  the  exchange. 
Protection  against  such  small  currents  may  be  obtained  by 
of  fuse  wire  of  very  small  current-carrying  capacity, 
It  with  the  small  fuses  required  for  this  purpose,  currents 
if  a  certain  strength  cannot  always  be  depended  on  to  melt 
fuses  and  open  the  circuits.     On  account  of  their  small 
such   fu.=ies  are,   moreover,  very   frail   and   subject  to 
lechanical  injury.     The  device  called  a  heat,  or  »nuak- 
cnrrcnt.  coil  will,  however.  afTord  this  protection. 

36.     sterling  Ilcat    Coll.— One  of   the    latest  heat,  or 

ineak -current,  coils,  made  by  the  Sterling  Electric  Company, 

shown  in  Fig.  20  («)  in  its  normal  condition  before  oper- 

Ing,  and  in  Fig.  20  {b)  after  it  has  operated.     It  consists 

three  metal  pieces  c.d.e,  two  pieces  m.n  of  insulating 

lerial.  and  a  coil  of  German-silver  wire  a'.     One  end  of 

coil  is  connected  to  the  end  piece  d.  and  the  other  end  to  a 

ow  sleeve  c     Normally,  the  end  piece  e  is  secured  to  the 
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sleeve  ehy  a  readily  fusible  solder  sweated  between  the  tvq 
surfaces.  The  heat  produced  in  the  coil  by  .3  ampere  I 
25  seconds,  or  by  .22  ampere  in  65  seconds,  is  sufficient  to 
soften  the  solder  so  that  springs  engaging  the  end  pieces  <■,  rf 
can  readily  pull  r  ont  of  e,  as  shown  at  i6),  thus  producing  a 


'1 

It  to 
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wide  air  gap  (between  c.f)  in  the  circuit  and  usually  ground- 
ing one  of  the  springs.  The  coil  will  carry  .15  ampere  for 
at  least  5  minutes  without  operating. 

37.  Combliiet)  Protectors. —Protecting  devices  used 
at  each  telephone  usually  consist  of  a  carbon  static  arrester, 

and  either  a  fuse  or 
a  sneak  coil;  some- 
times static  arresters, 
fuses,  and  heat  coJts 
are  all  used.  One  of 
the  carbons  is,  of 
course,  grounded,  and 
a  fuse  or  sneak  coil 
is  connected  in  each 
line.  Tubular  fuses 
are  preferable,  but 
fuses  stretched  on  a 
fiber  strip  are  some- 
times used.  Where 
heat  coils  and  light- 
ning arresters  are 
used  at  substations,  the  heal  coil  should  be  on  the  telephone 
side  of  the  arrester;  if  a  long  fuse  is  also  used,  it  should  be 
on  the  line  side  of  the  arrester. 

38.  Sterliiii^    Sncak-Current    and   r.i|u;IitQiii|E 
tector. — Pig.  21  illustrates  the  combined  sneak- 


current  at^^| 
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lightning  protector  made  by  the  Sterling  Electric  Company, 
for  use  oa  individual  lelephones.  It  is  double-pole,  i.  e,, 
it  protects  the  apparatus  from  dangerous  currents  entering 
over  either  line  wire.  One  line  is  connected  to  the  binding 
post  .-(.  the  other  to  C.  From  B  a  wire  goes  to  the  tele- 
phone; the  binding  post  from  which  the  other  wire  goes  to 
the  telephone  is  not  in  view.  The  binding  post  E,  to  which 
the  piece  f  is  fastened,  is  connected  by  wire  with  the  ground. 

There  are  two  pairs  of  carbon  blocks,  one  pair  In  each  line 
circuit.  One  block  of  each  pair  is  separated  and  insulated 
from  the  other  block  by  a  piece  of  silk  ribbon  or  braid. 
Embedded  in  a  depression  in  the  surface  of  one  carbon  of 
each  pair,  next  to  the  piece  of  silk,  is  a  small  metal  or  carbon 
ball,  held  in  place  by  an  easily  fusible  wax.  A  sufficiently 
high  potential  to  arc  between  the  carbons  will  melt  the  wax 
and  permanently  ground  the  line;  that  is,  the  ball  will  fall  by 
gravity  and  connect  the  two  carbons  together. 

From  the  binding  post  A,  the  circuit  continues  through 
spring  /,  heat  coil  a,  spring  n,  to  binding  post  G.  When 
a  heat  coil  of  this  kind  operates,  it  must  be  removed  and  a 

Erw  or  repaired  one  inserted  in  its  place.  The  cover  to  this 
otector  is  made  of  strong  glass. 
39.  [t  is  necessary  to  have  a  heat  coil  proportioned  to 
e  apparatus  to  be  protected.  A  heal  coil  that  will  protect 
series-bell  or  coil  wound  to  SO  ohms  may  not  protect  a  coil 
wound  to  1.000  ohms.  The  average  heat  coil,  wound  to 
a  resistance  of  25  ohms,  will  operate  on  .2  ampere  m  about 
40  seconds,  and  will  stand  .15  ampere  indefinitely.  This  heat 
coil  will  not  protect  the  average  coil  wound  lo  1,000  ohms, 
{or  a  current  of  .16  ampere  will  soon  damage  the  coil.  To 
protect  the  higher  wound  coils,  a  more  sensitive  heat  coil 
t  be  used.  One  wound  to  40  or  50  ohms  would  probablv 
bnt  a  heat  coil  of  such  high  resistance  should  not  be 
ed  in  the  talking  circuit  of  a  central-energy  telephone. 
cover,  in  central-energy  systems,  it  is  necessary  to 
the  resistance  of  the  heat  coil,  so  thai  the  current 
id  (or  the  transmitter  and  for  signaling  will  not  operate 
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the  heat  coils.  It  is  necessary  in  some  cases  to  use  a  heat 
coil  that  will  carry  over  .333  ampere  indefinitely.  A  heat 
coil  having:  a  resistance  of  3.6  ohms  is  used  in  some  of  the 
Bell  Company's  central-energy  systems.  It  operates  on 
.5  ampere  in  240  seconds  and  must  carry  .36  ampere  for 
3  hours.  A  short  circuit  on  a  line  in  a  Bell  central-energ:y 
system  will  produce,  at  times,  about  .333  ampere,  and  it  is 
not  desirable  that  this  current  should  operate  the  heat  coil 
even  at  the  exchange.  For  this  reason,  it  is  necessary  so 
to  design  the  apparatus  in  such  a  system  that  it  will  stand 
the  current  that  the  heat  coil  will  stand.  All  heat  coils 
should  be  wound  non-inductively. 

40.  Dauber  of  Sueak  Currents. — The  peculiar  danger 
in  sneak  currrents  is  that  they  do  not  make  themselves 
evident  to  the  senses  at  once,  the  first  indication  of  their 
presence  being  the  smoldering  of  a  coil  in  the  switchboard 
or  telephone,  caused  by  the  long  continued  flowing  of  the 
current.  There  are  very  few  coils  used  in  telephone  work 
that  will  not  stand  .333  ampere  for  a  short  time,  but  the  flow 
of  such  a  current  for  a  long  time  might  generate  enough 
heat  to  char  the  insulation  and  spoil  the  coil.  The  heat  coils 
form  the  most  effective  prevention  for  currents  of  this  char- 
acter. By  varying  the  length  of  the  German-silver  wire  used 
in  their  construction,  they  may  be  made  to  have  almost  any 
degree  of  sensitiveness  desired.  They  are  often  constructed 
so  as  to  melt  the  solder  when  a  current  of  .2  ampere  flows 
through  the  coil  for  25  seconds. 

The  use  of  heat  coils  to  protect  exchange  apparatus  is 
universally  advocated,  but  the  addition  of  a  heat  coil  to  the 
protective  device  at  a  subscriber's  station  is  not  considered 
necessary  by  most  telephone  engineers,  because  the  cost  of 
the  telephones  burned  out  would  be  much  less  than  the  cost 
of  continually  replacing  heat  coils  at  the  subscribers*  sta- 
tions. The  use  of  heat  coils  to  protect  switchboard  devices 
will  be  considered  elsewhere. 

41.  Heat-Coll  Solder. — A  solder,  suitable  for  use  in 
heat  coils,  that  will  melt  at  about  160°  F.,  may  be  made  by 
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mixing  together  one  part  of  block  tin,  one  part  of  cadmium, 
two  parts  of  lead,  and  four  parts  of  bismuth. 

Another  fusible  solder  that  melts  at  160'^  P.  and  is  said  to 
give  perfect  satisfaction  is  made  of  four  parts  of  tin,  two 
parts  of  lead,  seven  parts  of  bismuth,  two  parts  of  cadmium. 
In  making  the  alloy,  care  should  be  taken  to  prevent  the 
oxidizing  of  the  lead  and  bismutb,  both  of  which  oxidize 
readily  and  hence  tend  to  change  the  proportions. 


zr 
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42.  Cook  Self-Somei-I.ijs  Ht-at  CoHs.— Formerly,  all 
heat  coils  were  destroyed  when  they  operated,  or  at  least 
lliey   required  repairing,   which   was  more   or  less  difficult 

tiiiid  expensive.  Several  companies  are  now  manufacturing 
totalled  self-soltlerluglieut  colls, 
or  selNsolderin^  cartridges. 
Aiter  they  operate  they  automati- 
ully  resolder  themselves  as  they 
Bool,  and  to  restore  the  circuit  to  its 
normal  condition,  it  is  only  neces- 
sary to  push  back  the  line  spring, 
or  to  turn  the  heat  coil  upside  down 
or  end  for  end. 

The  self-soldering  heal  coil  made  by  Frank  B.  Cook  is 

shown  in  Fig.  22.     It  consists  of  a  toothed  melal  shell  s  that 

taps  over  the  insulating  pieces  d,  d,  thus  completely  enclosing 

B  coil  w  of  silk-covered  German-silver  wire  that  is  wound 

1  a  small  brass  spool  e.     The^e  parts  are  held  firmly  and 

(ermanently  together.     The  brass  spool  e  is  soldered  to  a 

tationary  pin  fi  by  a  solder  that  melts  at  a  low  temperature. 

me  end  of  the  winding  is  soldered  to  the  brass  spool  e.  the 

r  end  to  the  metal  shell  s. 

,  43.     The  heat  coil  is  mounted  in  the  protector  shown  in 

J  in  such  a  manner  that  the  pin  is  held  rigidly  from 

ning  by  the  flattened  end  /,  while  a  strong  spring  *  engages 

e  teeth  on  the  outside  of  the  shell  and  lends  to  rotate  the 

iss  spool  on  the  pin.  which  the  solder  Dormally  prevents. 
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However,  an  abnormally  large  current  passing  through  ihe 
winding  of  fine  wire  melts  the  solder,  thus  allowing  the  body 
of  the  coil  to  turn  on  the  pin.  This  releases  the  f:ircDit- 
controlling  spring  and  opens  the  circuit  through  the  heal 
coil.  The  solder  cooling  again  secures  the  body  of  the  beat 
coil  to  the  pin.  The  circuit-controlling  spring  can  then  be 
reset  in  position,  engaging  the  teeth. 

The  advantages  claimed  for  this  coil  are  that  the  solder  is 
so  thoroughly  protected  from  atmospheric  exposure  that 
it  cannot  corrode,  thus  insuring  a  resoldering  of  the  coil  after 
each  operation;  that  the  heat-producing  coil  is  concentrated 
around  the  fusible  solder,  thus  insuring  quick  and  uaifonn 
operation;  that  the  winding,  spool,  and  all  vital  parts  of  die 


coil  being  enclosed,  it  is  impossible  for  any  heat  to  be  lost; 
and  that  a  variation  in  outside  temperature  or  air  drafts  will 
not  affect  the  operation.  It  is  further  claimed  that  when  the 
coil  operates,  it  turns  on  the  pin  through  only  a  small  arc  o£ 
a  circle,  allowing  the  solder  to  give  or  stretch  slightly,  lik^ 
gum,  without  actually  breaking  the  solder  connections;  thi* 
insures  quick  and  permanent  resoldering.  The  low  fusing 
point  of  the  solder  used  insures  its  melting  before  th^ 
winding  could  become  hot  enough  to  be  injured. 

44,  Coolers  tiltcIituIiiH:,  Fuse,  and  Heat-Coll  Pro-' 
lector, — In  Fig.  23  is  shown  the  Cook  type  12-A  sul>-' 
scriber's  station  protector.  It  consists  of  long  encloseC^ 
fuses,   carbon   lightning   arresters,  and   self-soldering  hea"* 


The    enclosed   fuses   are   held    between    springs   so 

Bed    that    they    may    be    readily   inserted   in  place,  or 

'cd,  without  the  use  of  any  screws  or  nuts,     The  car- 

,nd  heat  coils  are  protected  by  a  stout  glass  cover  that 

easily  removed.     When  the  heat  coil  operates,  the 

a,  b  separate,  and  o  comes  in  contact  with  the  grounded 

To  reset  the  heat  coil,  it  is  only  necessary  to  push 

ring  b  until  it  catches  hold  of  a  tooth  on  the  surface  of 

lat  coil. 

American  Electric  Fuse  Compony's  6elf- 
rlnt;  Heat  Cartridges. — The  American  Electric 
Company  make  several  forms  of  self-soldering  heat 
)i  cartridges,  as  they  call  them,  one  of  which  is  shown 
[ger  that  can  move  about  the  pivots  from 


»ition  shown  in  (a)  to  that  shown  in  {b).  It  is  nor- 
lield  in  the  position  shown  in  {a)  by  a  solder  placed 
]  the  pivots  that  melts  at  a  low  temperature.  At  (c)  is 
1  the  various  parts  of  the  cartridge.     When  an  abnor- 

large  current  passes  through  the  German-silver 
B,  which  may  have  any  desired  resistance,  in  some 
about  8  ohms,  the  piece  n  becomes  heated  and  the 
f  fusible  solder,  which  normally  prevents  the  move- 
)f  the  trigger  /,  softens  and  allows  the  spring  pressing 

right  against  the  lower  part  of /to  move  the  trigger 
loo  shown  in  [b),  thereby  allowing  the  spring 
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to  fly  out  and  ground  the  circuit.     After  the  current 
stopped  flowing,  the  solder  solidifies  and  holds  the  trigget 
permanently  in  the  position  shown  in  (d).     To  restore  tbtl 
circuit  to  its  normal  condition,  it  is  only  necessary  to  push  i 
the  line  spring  and  turn  the  cartridge  upside  down. 

46.     In   Fig.  25  is  shown  the  self-soldering  star-wheel 

type  of  cartridge  made  by  the 
same  company.  This  car- 
tridge operates  in  much  the 
same  manner  as  the  trigger 
cartridge.  Heat  developed 
in  the  heat  coil  by  an  abnor- 
mally large  current  softens  the  solder,  which  normally  holds 
the  star  wheel  o  in  position,  and  allows  it  to  revolve  about 
the  axis  e,  thereby  allowing  the  line  spring  to  fly  out.  When 
the  current  stops,  the  solder  solidifies  and  holds  the  star 
wheel  in  position,  and  it  is  only  necessary  to  push  in  the. 


Pio.  25 


ii 

1 1 


(a) 
Before  Operation 


(h) 
During  Operation 


It 


1 1 


(e) 

After  Operation 
Fig.  26 

line  spring  to  restore  the  circuit  to  its  normal  condition,  as 
any  tooth  of  the  star  wheel  that  happens  to  project  down- 
wards will  hold  the  line  spring  in  position. 

47.     Self-Solderliigr  Graphite  Cartridge. — In  Fig.  SSS 
is  shown  the  self-soldering  graphite  cartridge  made  by  the 
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American  Electric  Fuse  Company.  At  (a)  is  shown  the 
position  before  operation;  at  (/>),  a  section  of  the  entire 
I  cartridge  dnring  operation;  and  at  ic),  after  operation. 
I  A  current  entering  at  /  passes  through  contact  spring  o, 
I  ETBphiie  resistance  rod  r,  trigger  /.  to  spring  f.  When  tlie 
'  ciureni  is  excessive,  the  graphite  rod  r  becomes  heated 
enough  to  soften  a  fnsible  alloy  placed  in  holes  »,  thus 
EitJowitig  spring  /  to  tip  the  trigger  /,  which  is  pivoted  at  / 
into  the  position  shown  at  (A),  which  will  allow  the  spring  / 


m 

Wp    pass  to  position  shown  in  If).    The  spring  m,  acting 

■*"**ore  the  fusible  solder  can  cool  and  harden,  returns  trig- 

*>**■  /to  its  normal  position,  as  shown  at  (f).     The  harden- 

'**E  of  ihe  solder  then  holds  the  trigger  in  this  position,  and 

"^^  cartridge  is  again  ready  for  use. 

48.  One  form  of  individual  protector  made  by  the 
^nierican  Elegtric  Fuse  Company  is  shown  in  Fig.  27. 
_*^  iz  a  combined  static  and  heat-coil  protector,  using  the 
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beat  coil  just  described.  The  line  wires  are  joined 
to  a,d,  the  telephone  leads  to  c.d,  the  cross-piece  e  and 
plate  £-  are  both  in  contact  with  a  binding  post  in  the 
rear  of  £■  that  is  to  be  connected  to  ground.  When  the 
heat  coil  operates,  /  is  released  and  t  comes  in  contact  with 
the  grounded  strip  £. 

49.     The  D  and  W  combination  ent-out,  as  the  D  and 


W  Fuse  Company  call  their  combined  static,  fuse,  and  heat-coil 
protector,  is  shown  in  Fig.  28.  The  connections  indicated  by 
dotted  lines  are  made  under  the  porcelain  base  on  which  all 
parts  are  mounted.  L,L'  are  the  tine,  T,  T'  the  instrument, 
and  G  the  ground  binding  posts.  The  fuses  are  enclosed  in 
long  fiber  tubes  c,  d,  at  the  center  of  which  they  pass  through 
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capsules  made  of  hardened  gelatine,  one  half  of  a  capsule 
slipping  tighlly  iuside  the  other  half  of  the  same  capsule,  while 
the  holes  u,v  through  which  the  fuse  passes  are  sealed  with 
wax.  The  rest  of  the  tube  is  filled  with  gypsum,  which  will 
Dot  bum  when  the  fuse  blows.  This  fuse  is  said  to  blow 
promptly  without  producing  any  flame  or  discharge  whatever, 
and  to  operate  satisfactorily  on  a  3,(XH)-voll  short  circuit. 
After  the  fuses  have  blown,  the  tubes  must  be  returned  to 
the  maker  for  the  insertion  of  new  fuses. 

50.  The  lightning  arrester  is  of  the  carbon-plate  type, 
consisting  of  two  carbon  blocks  a,  b.  one  connected  to  the 
terminal  of  each  fuse,  and  separated  from  the  center  grounded 
plate  e  by  mica,  or  by  an  insulating  waterproof  film,  which- 
ever may  be  preferred.  With  the  mica,  an  air  gap  of 
.008  inch  is  provided;  whereas  with  the  film,  but  .0025  inch 
separates  the  carbon  from  the  ground  plate.  The  brass 
plate  f  is  connected  by  a  piece  of  sheet  brass  i  inch  wide 
with  the  ground  binding  post  G. 

The  arrester  is  enclosed  in  a  metallic  casing,  which  pre- 
vents the  accumulation  of  dust,  which  has  frequently  been 
known  to  cause  trouble,  and  also  guards  against  any  risk 
from  the  ignition  of  lint  or  flying  particles  during  the  instant 
when  a  discharge  occurs  across  the  plates.  The  makers 
claim  that  the  film  possesses  the  property  of  automatically 
BTOitnding  the  device,  when  the  circuit  becomes  crossed  with 
a  high-tension  line,  in  such  a  manner  that  only  a  small  current 
can  pass  to  earth.  Though  this  current  may  be  too  small  to 
melt  the  fuse,  it  may  nevertheless  be  sufficiently  great  to 

t cause  disturbance  and  trouble  r,n  the  line.  Under  such  cir- 
cumstances, the  circuit  is  automatically  grounded,  which  is 
desirable,  by  the  rapid  carbonization  of  the  film.  As  soon 
^  the  line  is  cleared,  ihe  film  is  easily  and  quickly  replaced. 
iThis,  the  makers  claim,  is  a  decided  advantage  over  the  air- 
l^p  arrester  provided  with  a  mica  separator,  since  a  small 
discbarge  might  continue  across  the  air  gap  for  many  hours, 
ioterfering  with  the  satisfactory  operation  of  the  line,  and 
et  be  too  small  to  cause  the  fuse  to  operate. 


\ 
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The  carbon  arrester  needs  but  little  attention,  and  then  only 
to  free  it  from  carbon  particles  that  may  accumulate  within 
the  air  gap  when  mica  is  used,  or  to  renew  the  films  with 
the  other  type. 

51.  The  heat,  or  sneak-current,  coils  w, «  each  consist 
of  a  very  small,  close-wound  coil  of  bare  wire  made  in  two 
parts  />,  ^,  which  are  under  tension  with  reference  to  one 
another,  these  being  soldered  together  at  <?  by  a  solder  having 
a  very  low  melting  point.  The  coil  is  enclosed  in  a  capsule 
of  hardened  gelatine,  and  forms  an  efficient  protecting  device 
against  small  currents.  The  sneak-current  arresters  are 
built  to  operate  on  from  .1  to  .5  ampere  in  15  seconds,  those 
working  at  .2  or  .3  ampere  being  recommended  for  telephone 
service.  For  fire-alarm  service,  a  .6  ampere  coil  is  recom- 
mended. Since  trouble  from  a  slight  leakage  current  is  more 
common  than  from  absolute  crosses,  the  sneak  coil  is  made 
to  operate  when  such  currents  are  diverted  through  the 
instrument,  the  coil  being  easily  renewed  and  replaced. 
Tools  can  be  obtained  for  repairing  the  sneak-current  coils. 

A  current  larger  than  the  capacity  of  the  fuse  will  melt  it 
within  the  practically  air-tight  capsule  «,  v,  A  sneak  current 
will  soften  the  solder  at  o,  by  the  heat  produced  within  the 
practically  air-tight  capsule  by  the  spirals  of  bare  wire  p,  g, 
in  a  given  length  of  time,  and  allow  the  tension  of  the  spirals 
to  pull  them  apart,  and  thus  open  the  circuit  at  o. 


TROUBLES  WITH  TELEPHONE  INSTRUMENTS 


SOME    COMMON     FAULTS    AND    THEIR    REMEDIES 

52.  In  telephones,  as  in  all  other  systems  employing 
electrical  connections,  certain  defects,  called  faults,  will 
from  time  to  time  develop,  however  well  the  apparatus  may 
have  been  constructed  and  erected.  The  most  common 
troubles  are  due  generally  to  one  of  three  causes:  First, 
loose  or  dirty  connections  at  the  binding  posts  on  the  instru- 
ment, batteries,  or  protecting  devices,  or  in  joints  in  the 
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^^Wne  wire;    second,   in  exhausted,  poor,   or  weak  batteries; 
^fUitrdt  crossed,  open,   or  grounded  wires.     These  troubles, 
of   course,   do    not    include    those  arising   from   inferior  or 
defective  instrnments.  which   are  impossible  to  enumerate 
on   account  of  the  large  number  of  makes  of   instnimenis 
^LDOw  in  use.     In  the  case  of  a  defective  instrument,  the  best 
^■thiog  to  do   is  to  return  it  to  the  dealer  or  workshop  for 
^r  repairs.     If  any  trouble  or  poor  service  is  noticed  on  a  tele- 
I        phone  line,  look  first  for  badly  constructed  joints,  loose  con- 
nections  at  binding   posts,  dirty  or  corroded   contacts   and 
connections,  and  defective  batteries.     If  the  connections  are 

P  dirty,  corroded,  or  greasy,  scrape  the  wires  and  clean  out 
the  binding  posts;  then  screw  the  wires  firmly  in  place.  If 
the  telephone  does  not  work  properly  then,  examine  the 
batteries  and  see  whether  they  are  run  down,  or  if  the  zincs 
are  eaten  away.  With  wet  batteries,  it  may  be  that  the 
water  has  evaporated;  in  dry  batteries,  the  zinc  maybe  eaten 

I  through,  or  the  batteries  may  be  otherwise  defective.  The 
simplest  way  to  test  the  battery  is  to  try  a  new  battery,  and 
see  if  it  will  make  the  telephone  work  properly;  if  it  does. 
the  trouble  was  with  the  old  battery.  If  the  trouble  is 
present  after  changing  the  battery,  examine  the  line  con- 
nections and  the  line  outside;  if  any  loose  connections  are 
found,  correct  them  at  once.  When  inspecting  the  line  out- 
side, see  that  it  does  not  touch  anything  except  the  insula- 

tors,  and  that  it  is  neither  crossed  nor  broken.    On  grounded 

,  lines,  examine  the  ground  connection  the  first  thing,  and  see 
I  If  il  is  in  good  condition;  and  if  a  plale  is  used,  see  that  it 
f  is  buried  deep  enough  to  be  always  in  moist  ground  and 
[below  the  frost  line. 

If  any  of  the  coils  in  the  iostrument  have  been  damaged 
Kby  lightning,  the  smell  of  the  charred  insulation  can  fre- 
■^pientljr  be  detected  when  the  door  of  the  telephone  is 
Topened.  If  this  is  the  trouble,  the  only  thing  to  do  is  to 
kfeplace  the  coil  that  has  been  burned  out.  One  thing  that 
Ishoald  be  carefully  avoided  is  the  placing  of  nails,  screws. 
1. screwdrivers,  scissors,  or  metallic  instruments  on  the  top  of 
|<tbc  telephone  box.    In  a  series-telephone  this  might  cut  out 
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the  instrument;  on  the  bridging:  line  it  might  result  in  all  the 
instruments  on  the  line  being  thrown  out  of  service.  Where 
carbon  lightning  arresters  are  used,  carbon  dust  sometimes 
collects  in  the  air  gap  and  causes  short  circuits  and  grounds 
the  line  wires  more  or  less.  To  remove  this  source  of  trouble, 
slip  out  the  carbons,  blow  off  all  dust,  and  replace  them. 

A  very  short  list  of  only  the  most  common  faults  that 
occur  in  ordinary  series  and  bridging  instruments,  with  sug- 
gestions as  to  their  cause,  is  here  given. 

53.  Cannot  Ring  or  Receive  a  Ring. — The  line  or 
generator  circuit  may  be  opened  in  a  series-instrument  or 
short-circuited  in  a  bridging  instrument.  If  this  trouble 
occurs  in  a  series-bell,  connect  the  two  main  binding  posts 
together;  if  then  the  bell  will  not  ring  when  the  generator  is 
operated,  the  trouble  is  probably  a  broken  wire  inside  the 
box.  For  a  bridging  instrument,  remove  the  two  line  wires 
at  the  top  of  the  instrument;  if  now  the  bell  will  ring,  the 
trouble  was  due  to  a  short  circuit  outside  the  instrument, 
probably  between  the  line  wires.  On  a  bridging  ground- 
return  system  the  line  may  be  grounded. 

54.  Can  Be  Called,  But  Cannot  Call  Others. — This 

may  be  due  to  a  weak  or  defective  generator,  such  as  a  short 
or  open  circuit  in  the  generator  armature  or  circuit,  or  to  bell 
coils  of  different  resistance  on  the  same  line.  If  a  call  from 
another  station  rings  the  bell  loudly,  but  the  home  generator 
rings  its  own  and  other  bells  weakly,  the  trouble  is  probably 
due  to  a  weak  generator,  poor  connection  in  the  generator 
circuit,  or  partial  short  circuit  of  the  generator  armature.  On 
a  grounded,  bridging,  party-line  system  it  may  be  due  to  a 
high  resistance  in  the  ground  connection  at  the  home  station 
only;  for  this  high  resistance  may  cause  such  a  decrease  in 
the  current  sent  out  by  the  home  generator  that  when  it  sub- 
divides through  all  the  other  bells,  each  part  is  too  feeble  to 
ring  any  of  them,  whereas  the  small  incoming  current  may 
still  be  large  enough  to  ring  the  bell. 

55.  Cannot  Be  Called,  But  Can  Call  Others. — This 

may  be  due  to  imperfect  adjustment  of  the  bell,  armature,  or 
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pnes,  or  lo  bell  coils  of  different  resistance  on  the  same 
In  a  bridging  instrument,  it  may  be  due  to  a  broken 
~  wire  in  the  bell  circuit,  or  to  a  defect  in  the  automatic  cut-in 
device  of  Ihe  generator.  In  a  series-instrument,  it  may  be 
dae  to  a  short  circuit  around  the  bell. 

^5G.  HBgneto  Rings  Otlit-i-  Bells  Properly,  Hut  Its 
Own  Bell  Feebly. — A  defective  bell  may  be  due  to  a  weak 
Oiai^et  or  a  poorly  adjusted  armature. 
I  57.  Bell  Capuble  of  Itlnfrliite.  But  Cannot  Be  Rung: 
^roin  llfstaut  SiMtlon.^Tlie  line,  if  a  grounded-return 
Ryslem,  is  grounded;  if  a  melaliic-circuit  system,  the  two  line 
wires  are  crossed,  or  both  are  well  erounded. 

58.     Weak    Rlnsltiic  of    Bells. — This  may   be   due    to 

loose  connections,  bad  joints  in  the  line,  or  imperfect  ground 

connection  at  terminals  in  case  a  ground  return  is  used;  a 

cross  on  line,  if   bridged  metallic;  by  ground,   if  bridged- 

I^^rounded  line.     If  party  line,  it  may  be  caused  by  several 

^^fcarties  listening.    Tbe  bell  adjustment  also  may  be  defective. 

^^B    59.     If  Clapper  CllQfrs  to  One  Uons. — ^Move  that  gong 

^^^oward  the  other  gong  and  against  the  clapper.     A  slight 

adjustment  of  this  kind  will  usually  remedy  the  difficulty. 

60.     Iiistniinent  RecelvesanH Transmits  Rlng^,  But 

tKoiblns  Can  Be  Heard  at  Either  Station,— This  may  be 
due  to  loose  connections  or  a  broken  wire  in  either  receiver,  in 
either  receiver  cord,  in  either  secondary  winding  of  the  induc- 
tion coil,  or  to  poor  or  loose  contacts  in  either  hook  switch,  or 
to  weak  batteries,  improperly  connected  cells,  open  or  short 
circuits  in  primary  circuits  at  both  stations,  or  short  circuits 
Id  both  receivers  or  in  the  secondary  windings  of  both  induc- 
bon  coils.  With  «  series-instrument,  the  following  test 
pay  be  made  to  determine  whether  the  trouble  is  in  the 
receiver  or  cord.  Disconnect  the  cord  from  the  box,  but 
allow  the  receiver  to  remain  on  the  hook.  Remove  the  line 
wrires  from  Ihe  binding  posts  and  place  the  two  ends  of  the 
peceiver  cord  in  the  line  binding  posts  and  turn  the  generator 
tandle;  if  tlie  receiver  or  cord  circuit  is  not  broken,  the  bells 
^U  riog.     The  wires  in  a  cord  may  be  broken,  and  yet  the 
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break  may  not  be  apparent  if  the  cord  is  held  in  a  certain 
position;  hence,  move  the  cords  when  making  the  test.  If 
either  conductor  is  broken,  a  scraping  sotmd  is  produced  in 
the  telephone,  or  it  may  interrupt  the  speech  so  that  a  word 
is  only  audible  occasionally.  In  a  bridging  instrument  using 
a  ground  return,  this  trouble  or  difficulty  in  hearing  at  both 
telephones  may  possibly  be  due  to  imperfect  ground  connec- 
tions at  either  or  both  stations,  the  ground  connections  at 
the  several  other  instruments  on  the  same  line  being  good. 

61  •  Can  Hear,  But  Cannot  Be  Heard. — In  such  cases, 
the  trouble  is  usually  in  the  local-battery,  or  transmitter, 
circuit.  A  careful  examination  of  all  connections  therein 
should  be  made.  It  may  be  due  to  a  defective,  packed,  or 
improperly  adjusted  transmitter,  exhausted  battery,  cells 
improperly  connected,  broken  wire  or  short  circuit  in  the 
battery  circuit,  or  a  short  circuit  in  the  secondary  or  primary 
winding  of  the  induction  coil.  The  person  using  the  tele- 
phone may  stand  too  far  away  from  it;  one  should  stand  so 
that  the  lips  are  about  1  inch  from  a  granular-carbon  trans- 
mitter. The  trouble  may  also  be  due  to  a  defective  receiver 
at  the  distant  telephone,  such  as  weak  magnets,  improperly 
adjusted  receiver,  dented  diaphragm,  or  short  circuit  in 
receiver   or    in    receiver   cords. 

62.  Cannot  Hear,  But  Can  Be  Heard. — In  such  cases, 
the  trouble  is  usually  in  the  receiver  circuit,  and  is  probably 
due  to  a  defective  or  improperly  adjusted  receiver,  dented 
diaphragm,  or  to  a  short  circuit  in  the  receiver  coil  or  in  the 
receiver  cords.  It  may,  however,  be  due  to  a  defective  trans- 
mitter or  a  weak  or  improperly  connected  battery  at  the 
transmitting  station. 

63.  Weak  Receiver. — A  weak  receiver  may  be  due  to 
poor  connections  in  the  receiver  circuit,  to  partial  short 
circuit,  to  a  bent  or  dirty  diaphragm,  to  the  diaphragm  being 
too  close  or  too  far  from  the  pole  pieces  (usually  it  should 
be  .015  inch  from  the  faces  of  the  pole  pieces),  or  to  a  weak 
permanent  magnet,  which  normally  should  support  an  8-ounce 
iron  weight  or  hold  the  diaphragm  by  its  edge. 
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64.  Rasping:,  Grating,  or  Blzzllng  Noises  In 
eoelver. — This  trouble  may  be  caused  by  loose  connec- 
pions  or  excessive  current  in  the  battery  circuil,  by  a  buckled 
aiapbragm  in  the  receiver,  or  by  particles  of  foreign  sub- 
K«tance  lodged  between  the  diaphragm  and  the  pole  piece  of 
Ihe  receiver.  Or,  the  position  of  the  diaphragm  may  not  be 
correct.     In  modern  receivers,  no  provision  is  usually  made 

ifor  adjusting  the  distance  of  the  diaphragm  from  the  magnet; 
wbere  such  adjustment  is  possible,  the  diaphragm  should  be 
.015  inch  from  the  magnet.  Or,  it  may  be  due  to  a  weak 
tnagnet;  the  magnet  should  at  least  be  strong  enough  to 
bold  the  diaphragm  by  its  edge.  It  may  be  due  also  to  a 
live  vrire  of  a  power,  electric  light,  or  other  circuit  lying 
across  the  telephone  line. 
fi5.  Bell  Kltifirs  Frequently  Without  Apparent 
Cause. — The  line  wire  swings  across  telegraph  or  other 
Wve  wires.  On  some  selective-ringing  party-line  systems,  a 
bell  will  give  a  tap  when  another  bell  on  the  same  line  is 
being  rung,  especially  if  some  receiver  at  another  instru- 
.  ment  on  the  opposite  side  of  the  line  is  off  the  hook.  When 
■the  ground  is  used  as  one  side  of  the  ringing  circuit,  bells 
nrill  sometimes  give  a  few  taps  when  ihe  line  to  which  it  is 
Connected  forms  a  better  velum  to  the  exchange  than  the 
ground  between  the  exchange  and  some  other  instrument 
^that  is  being  rung.  Sometimes  this  may  be  remedied  by 
putting  an  extra  bell  (removing  the  moving  parts  and  gongs) , 
pT  an  impedance  coil,  in  the  circuit  between  the  bell  and  the 
ground. 

66.  Poor  nook-8witfh  Contacts. — The  hook  switch  is 
ihe  cause  of  many  complaints,  which  are  generally  due  to  dirty 
cootacts  or  weak  springs,  and  can  be  found  and  remedied 
very  easily  by  cleaning  or  retempering  the  springs.  The 
latter  may  be  done  by  healing  the  spring  to  a  red  heal  and 
ihen  dipping  it  into  water;  if  this  makes  too  hard  a  spring, 

t  may  be  softened  slightly  by  using  oil  instead  of  water. 

67.  Tostlnff  MaKneto-Gcnorators. — One  way  to  test  a 
rnctO'generator  consists  in  placing  the  fingers  across  the 


46        TELEPHONE  INSTRUMENTS        §8 

terminals  and  turning  the  crank;  if  the  g^enerator  is  in  proper 
working  order,  a  shock  will  be  felt.  This  method  of  testing 
is  preferred  by  some  because  if  the  magneto  is  bridged,  the 
ringer  might  be  open  and  the  generator  in  good  order,  never- 
theless. To  test  a  series-bell  and  generator,  place  a  piece 
of  metal  across  the  binding  posts  of  the  telephone,  and  turn 
the  crank;  if  the  bell  rings,  the  generator  is  in  good  order; 
if  not,  the  trouble  is  inside;  but  this  is  not  specific,  and 
both  this  and  the  former  tests  should  be  made.  Assume  that 
the  latter  test  has  been  made  and  that  the  bells  did  not  ring 
clear  and  strong,  but  that  when  another  generator  was  used 
to  send  a  current  through  the  defective  magneto,  the  bell  in 
the  latter  rang  all  right;  and  that  when  the  wires  were  taken 
oflE  the  terminals  it  tested  clear,  that  is,  the  bell  did  not  ring. 
If  taken  apart  and  examined  closely,  it  will  probably  be 
found  that  the  trouble  is  due  to  the  automatic  cut-out  on  the 
armature  not  working  properly. 

If  no  shock  can  be  felt,  the  fault  will  be  due  to  a  short 
circuit  (crossed  wires)  or  to  a  broken  wire;  if,  however,  a 
shock  is  received,  but  the  bell  does  not  respond,  then  the 
fault  is  in  the  ringer  and  may  be  due  to  bad  adjustment,  or 
broken  or  crossed  wires;  if  the  shock  is  weak,  it  may  be  due 
to  defective  or  weak  magnets,  or  to  a  partial  short  circuit  in 
the  generator  armature.  All  contacts  in  generators  should  be 
made  and  kept  tight,  and  the  springs  should  be  examined 
often,  as  holes  are  frequently  worn  in  them  and  cause 
trouble.  Very  little  oil  should  be  used,  as  it  is  liable  to 
cause  trouble.  Magneto-generator  troubles  are  usually  easy 
to  locate  by  making  the  above  tests. 

68.  Incluct!on-Co!l  Troubles. — A  writer  in  **Sound 
Waves"  says  that  the  troubles  likely  to  occur  in  an  induction 
coil  are:  (1)  an  open  secondary;  (2)  a  short-circuited  second- 
ary; (3)  an  open  primary;  (4)  a  short-circuited  primary;  (6)  a 
cross  between  the  primary  and  secondary.  Where  the  second- 
ary is  open,  one  can  neither  hear  nor  make  himself  heard.  If 
the  binding  posts  of  the  instrument  are  short-circuited,  no 
sound  can  be  heard  in  the  receiver  by  blowing  hard  against  the 
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snsmttter  diaphragm.  Tbe  lest  forao  open  circuit  in  the  sec- 
Bdary  may  be  made  by  means  of  tbe  receiver  and  a  battery,  in 
]9rcuit  with  the  secondary  of  the  induction  coil.  This  test 
C  should  be  made,  as  it  may  be  that  there  is  an  open  circuit  at 
■ome  other  point  and  the  induction  coil  may  not  be  at  fault. 
Where  the  secondary  is  short-circuited,  one  may  hear,  but 
jinot  be  heard.  This  will  be  the  case  also  if  the  primary  is 
{bpen  or  short-circuited.  H  the  induction  coil  is  one  with  a 
high-wound  secondary,  it  will  be  possible  to  detect  the 
trouble  by  means  of  the  click  in  the  receiver,  when  the  coil 
is  in  series  with  the  battery  and  the  receiver.  The  click  will 
be  much  fainter  with  a.  good  coil  in  series  than  with  one 
that  is  short-circuited.  A  good  method  of  testing  is  to  turn 
the  current  from  the  battery  through  the  coil  and  see  if  the 
core  is  magnetized.  If  the  coil  is  short-circuited,  there  will 
be  no  magnetic  manifestation.  The  short-circuited  primary 
may  be  detected  in  like  manner.  It  should  be  remembered 
that  (he  receiver  test  should  be  applied  first  to  see  if  the  coil 
13  open,  and  if  not  open,  then  the  battery  should  be  applied 
(or  a  short-circuit  test. 

A  cross  between  the  primary  and  secondary  may  manifest 
bself  in  several  ways,  depending  on  the  telephone  circuit 
ind  also  on  whether  the  coil  is  crossed  on  one  or  the  other 
Generally,  one  end  of  the  primary  and  one  end  of  the 
pecondary  are  connected  together.  Then,  if  the  cross  is  at 
other  end  of  the  coils,  there  will  be  a  weakening  of  the 
wt-going  transmission,  caused  by  the  current  from  the 
icondary  being  partially  short-circuited  through  the  pri- 
Kiary.  To  test  for  this  cross,  disconnect  both  ends  of 
aje  of  the  windings,  and,  with  the  receiver  and  battery. 
St  between  the  two  windings;  there  should  be  no  receiver 
idiclc.  If  the  cross  between  the  primary  and  secondary  should 
eoi  out  but  half  of  the  secondary,  there  would  not  be  such  a 
notable  difference  in  the  transmission,  and  it  may  be  hard 
to  detect.  Sometimes  it  is  very  hard  also  to  detect  partial 
•hort-circuiting  of  either  the  primary  or  the  secondary  coils. 
In  fact,  the  measurement  of  the  resistance  will  be  the  only 
means  of  detecting  this  trouble. 
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69.  To  liocate  Open  Circuits  In  Transmitters.- — An 

open  circuit  in  the  transmitter  of  a  local-battery  telephone 
may  be  located  as  follows:  Work  the  hook  switch  up  and 
down  while  the  receiver  is  held  to  the  ear  and  the  telephone 
is  short-circuited  at  the  binding  posts;  if  there  is  no  battery 
click  and  no  trouble  in  any  other  part  of  the  telephone,  the 
transmitter  circuit  is  open.  Now  short-circuit  the  connec- 
tions to  the  transmitter,  and  if  a  click  is  heard  in  the  receiver 
when  the  hook  switch  is  raised,  there  must  be  an  open  cir- 
cuit in  the  transmitter  itself. 

70.  To  Locate  a  Sliort  Circuit  In  the  Transmitter. 

To  locate  a  short  circuit  in  the  transmitter  proceed  in  the 
manner  indicated  in  Art.  69.  If  the  transmitter  is  short- 
circuited,  a  stronger  click  will  be  heard  in  the  receiver  when 
the  hook  switch  is  raised  or  lowered  than  when  in  its  normal 
condition.  The  voice  will  not  be  transmitted  at  all  if  the 
transmitter  is  short-circuited.  Both  the  voice  transmission 
and  click  tests  are  required  to  determine  whether  the  trans- 
mitter is  short-circuited;  for  if  the  click  test  only  is  tried, 
the  click  may  be  louder  than  normal  because  the  transmitter 
is  packed  and  takes  a  greater  current  than  usual.  If  only 
the  transmission  test  is  tried,  the  voice  may  not  be  trans- 
mitted because  the  transmitter  may  be  open,  or  the  induction 
coil  defective,  due  to  a  short  circuit  of  either  the  primary  or 
the  secondary,  or  to  an  open  circuit  in  the  secondary  winding. 
When  the  diaphragm  is  one  terminal  and  the  frame  the  other, 
a  transmitter  frequently  becomes  short-circuited  by  a  metallic 
particle  falling  between  the  diaphragm  and  the  transmitter 
front,  which  is  often  due  to  sticking  a  lead  pencil  into  the 
front  of  a  transmitter  and  breaking  oflE  the  lead  point.  A  short 
circuit  may  also  occur  when  the  rubber  around  the  diaphragm 
edge  becomes  old  and  hardened,  or  when  an  insulating  tip 
comes  off  the  damping  springs,  or  an  insulating  bushing 
becomes  cracked. 

71.  Inspector's  Outfit. — The  following  list  of  tools 
and  materials  for  setting  up  and  repairing  instruments  will 
be  found  very  handy.     Although  not  complete  for  all,  and 
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too  complete  for  some,  work,  it  can  be  added  to,  or  subtracted 
from,  as  may  be  found  necessary:  One  pair  long-nosed 
5-inch  pliers;  one  small  hammer;  three  screwdrivers, 
6  inches  long,  blades  of  diflEerent  sizes;  one  keyhole  saw;  one 
set  of  drills;  one  pair  of  tweezers;  three  small  files;  one  pair 
side-cutting  pliers;  one  box  of  fuses;  one  box  of  screws, 
tacks,  washers,  staples,  etc.;  one  ratchet  brace;  one  set  of 
bits,  i-,  f-,  i-inch;  one  small  can  of  oil;  emery  paper,  or  cloth, 
size  0000;  crocus  cloth;  cloth  and  polishing  paste;  black 
insulating  tape;  8-ounce  weight  for  testing  strength  of 
receiver  magnets;  soldering  lamp,  iron,  solder,  and  fluxf 
small  dusting  brush;  receiver  and  transmitter  diaphragms 
and  granular  carbon;  insulated  and  bare  wire;  candle  or 
small  lamp;  battery  material,  battery  gauge  (the  last  two  are 
for  local-battery  instruments  only);  satchel  for  carrying  the 
above  tools  and  material. 
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TELEPHONE    SYSTEMS 

1.  Telephone  lines  are  known  as  grounded  circuits, 
common-return  circuits,  and  metallic  circuits.  Teleplione 
systems  may,  therefore,  be  divided  into grauncUd-lifu  systems ^ 
common'retum  systems  ^  and  metal  lie-circuit  systems. 


GROUNDBD-IilNE   8Y8TBM8 

2.  circuits. — In  the  earliest  telephone  lines,  the  fact 
discovered  by  Steinheil,  in  1838,  that  the  ground,  or,  as  the 
English  express  it,  the  earth,  could  be  used  as  a  return  con- 
ductor for  completing  a  circuit  between  two  points,  was  made 
use  of.  Therefore,  a  single  wire  was  run  between  the  points 
to  be  connected,  as  one  side  of  the  circuit,  while  the  other 
side  was  formed  by  the  earth,  in  the  same  manner  as  is  now 
universally  employed  in  telegraphy. 

The  arrangement  of  a  group  of  lines  radiating  from  a 
central  office,  using  an  earth  return  in  the  case  of  each  line, 
is  shown  in  Fig.  1,  in  which  S\  5',  5',  etc.  represent  the 
subscribers*  stations,  at  which  are  placed  complete  telephone 
sets,  comprising  the  usual  talking  and  signaling  apparatus. 
Each  station  is  connected  by  a  line  wire  Z,*,  /,",  Z,',  etc.,  with 
a  signal-receiving  device  Z7*,  />',  D*,  etc.,  usually  consisting 
of  some  form  of  electromechanical  annunciator.  The  line 
wire  in  each  case  passes  to  one  terminal  of  the  subscriber's 
telephone  apparatus,  the  other  terminal  of  which  is  grounded, 
as  at  ^\  G*,  C,  etc.  In  a  similar  manner,  the  other  end  of 
each  line  wire  is  connected  to  one  terminal  of  its  annunciator, 
the  other  terminal  of  which  is  connected  with  the  ground  at 
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tfae  central  office.  Instead  of  forming  a  separate  ground  for 
each  wire  leading  from  the  annunciators  at  the  central  office, 
all  Ibese  wires  may  be  attached  to  a  common  conductor  C, 
which  is  itself  grounded  at  the  office. 

3.  Induction  on  Grounded  Systems.  — Systems 
arranged  on  this  plan  are  subject  to  many  difficulties  that 
are  not  apparent  at  first  sight,  but  the  removal  ot  which. 
without  departing  from  the  system  of  ground  connections,  has 
so  far  been  found  to  be  impossible.  These  troubles  are  due, 
in  the  main,  to  inductive  action  between  other  wires  and  the 
telephone  wires,  and  between  the  telephone  wires  themselves. 
An  electric-light  wire,  or  any  other  wire  carrying  fluctuating 
currents,  mnning  parallel  with  the  telephone  lines,  will  affect 
them  by  induction,  causing  currents  to  flow  to  and  fro  in 
them,  thereby  producing  noises  in  the  telephone  receivers  to 
sach  an  extent  as  often  to  render  conversation  impossible, 

When  the  induction  takes  place  between  two  such  tele- 
phone lines,  the  result  is  that  whatever  conversation  is 
carried  on  over  one  line  may  be  heard  on  the  other;  this 
phenomenon  is  called  cross-talk  and  is  one  of  the  chief 
difficulties  with  which  the  telephone  engineer  has  had  to  deal. 
The  fact  that  induction  lakes  place  between  two  lines  is  often 
extremely  puzzling  to  the  uninitiated,  and  frequently  leads 
lo  the  supposition  that  the  two  lines  may  be  in  contact  with 
each  other  at  some  point,  or  crossed,  as  it  is  usually  termed. 
This  conclusion,  however,  is  unwarranted,  for  inductive 
action  is  rather  facilitated  than  otherwise  by  the  fact  that 
the  two  lines  are  not  in  actual  contact.     However,  cross-talk 

^_  is   sometimes   cansed    by   leakage   between    two   complete 

^^bmelalltc  circuits  in  &  damp  or  wet  cable. 

^^P  A.  Leaknge. — Another  cause  for  noises  heard  in  tele- 
^Hphoneii  connected  to  grounded  lines  is  due  to  a  form  of 
^^Heakage.  Sometimes  this  is  due  to  a  portion  of  the  current 
^Vflowtnf;  in  a  neighboring  wire  finding  an  easy  path  to  the 
■  telephone  wire  on  account  of  the  poor  insulation  between 
the  two.  and  then  to  ground  through  the  telephone  instru- 
ments, thus  causing   a   noise  similar  to   that  produced  b; 
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induction.  A  more  frequent  form  of  leakage,  however,  is 
that  from  grounded  electric-power  systems,  of  which  the 
electric  railway  is  the  most  usual  type.  A  current  from  the 
railway  system  following  the  earth  return  is  intercepted  by 
the  ground  plate  of  a  telephone  station,  and  thence  part  of 
it  continues  through  the  ground  as  before  and  another  part 
passes  through  the  ground  connection  of  the  telephone,  the 
telephone  instruments  and  line,  and  again  to  earth  through 
the  ground  connection  at  the  other  end.  A  very  slight 
diflEerence  of  potential  at  the  terminals  of  the  telephone  line, 
due  to  the  use  of  the  earth  return  in  electric-railway  sys- 
tems, will  cause  currents  to  flow  in  the  telephone  line  that 
will  set  up  the  noises  already  referred  to,  and  often  entirely 
prohibit  the  use  of  the  telephones  on  the  disturbed  lines. 


RESISTANCE    OF    THE    EARTH 

5.  The  most  prolific  source  of  trouble  on  grounded  tele- 
phone lines  is  bad  ground  wires.  Weak  and  non-ringing  of 
bells  and  faint  talking  will  frequently  be  caused  by  bad 
grounds,  when  the  cause  is  attributed  to  faulty  bells,  micro- 
phones, or  hand  telephones. 

6.  A  given  battery  will  produce  in  a  long  circuit  com- 
posed of  two  line  wires,  the  earth  not  being  used  as  a  return 
path,  a  certain  current;  but  if  the  earth  is  used  as  one  path  in 
place  of  one  line  wire,  and  good  ground  connections  are  made 
at  both  ends  by  means  of  large  plates  of  the  same  material 
placed  in  moist  soil  or  running  water,  the  current  with  the 
same  battery  will  be  almost  doubled.  Hence,  the  resistance 
of  the  circuit  has  been  reduced  to  about  one-half  its  former 
value,  from  which  it  appears  that  the  earth  has  but  very  little 
resistance.  Although  the  length  of  the  earth  circuit  may  be 
large,  its  sectional  area  is  relatively  very  great  and  its  resist- 
ance should  be  small.  But  if  the  line  is  i^hort,  and  the  line 
resistance  small  as  a  result,  the  resistance  of  the  earth  may 
be  quite  appreciable,  showing  that  the  earth  resistance  is  not 
zero  and  is  only  a  negligible  quantity  when  the  resistance  of 
the  line  circuit  is  large. 
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Several  things  may  cause  the  resistance  of  the  earth  circuit 
to  be  appreciable.  In  the  first  place,  the  current  meets  with 
opposition  in  passing  from  the  plates  to  the  earth,  and  this 
opposition  is  entirely  independent  of  the  distance  between 
the  two  ground  plates.  It  depends  only  on  the  surface  area, 
the  material  of  the  plates,  and  the  nature  of  the  soil  in  which 
they  are  buried.  Since  the  resistance  of  the  earth  itself  is 
usually  very  small,  the  resistance  from  plate  to  plate,  if  they 
were  always  buried  in  the  same  kind  of  soil,  would  be  about 
the  same  for  all  distances,  and  this  resistance  would  be 
practically  the  contact  resistance  between  the  ground  and 
the  two  plates.  Practically  all  the  ground  resistance  is  gen- 
erally located  at  these  contact  surfaces. 

When  the  ground  plates  are  placed  in  dry  earth,  and 
especially  in  a  region  where  the  soil  and  substrata  are  very 
much  poorer  conductors  than  usual,  the  earth  circuit  may 
have  quite  a  large  resistance.  If  the  plates  are  loo  small, 
the  contact  resistance  between  the  plates  aud  the  earth  may 
also  be  appreciable. 

7.     From   long   experience,   it  has  been  found  that   the 
resistance  of  the  earth  varies  considerably.     In  a  sandy  soil, 
at  about  the  level  of  the  sea,  Sinclair  says  it  is  almost  impos- 
,  sible  to  get  anything  like  a  good  ground,  while  with  a  clay 
s  almost  impossible  not  to  get  a  good  ground.    He  also 
t  that  it  is  easy  to  establish  an  earth  connection  between 
^wo  points  50  to  100  miles  apart,  but  it  is  an  altogether  dif- 
t  matter  to  do  so  when  they  are  only  i  mile  apart. 
Iq  some  regions,  on  account  of  their  geological  character, 
;  is  very  difficult  to  secure  a  sufficiently  good  ground  con- 
In  such  a  case,  a  return  Hue  wire  may  be  advan- 
sgeously  used  part  of  the  way.  until  a  locality  is  reached 
nrherc  a  good  ground  can  be  obtained.     Cases  are  on  record 
■In  certain  anthracite  regions,  and  in  some  rocky,  mountainous 
■districts,   where  it  was  found  almost   impossible  to  make 
xjunds  that  would  not  offer  an  abnormally  high  resistance. 

8>  According  to  a  measurement  made  by  DuMoucel,  the 
KSistance  of  the  earth  under  favorable  circumstances  was 


6      INSTALLATION  OF  TELEPHONES      §9 

about  108  ohms.  Experience  in  America  indicates  that  the 
resistance  of  the  ground  return  on  a  circuit  of  average  length, 
or  over,  with  ground  plates  buried  in  moist  earth,  should  not 
exceed  about  10  ohms,  and  is  often  as  low  or  lower  than 
1  ohm,  provided  that  the  intervening  region  is  not  too  rocky, 
full  of  coal,  or  sandy. 

A  resistance  of  10  ohms  is  equivalent  to  about  i  mile  of 
No.  9  B.  W.  G.  iron  wire.  Hence,  considering  the  electricaJ 
efficiency  only,  it  would  not  pay  to  use  the  earth  as  a  return 
circuit  if  the  resistance  of  one  line  was  less  than  10  ohms. 
Commercial  efficiency,  however,  is  another  thing.  An  earth 
return  could  be  used  profitably  on  a  much  shorter  line  circuit, 
if  it  were  necessary  to  consider  only  the  resistance,  cost  of  con- 
struction, and  maintenance  of  the  second  line  wire.  But  on 
account  of  the  disturbing  noises  that  are  produced  in  a  single 
conductor  by  neighboring  electrical  circuits,  it  is  no  longer  con- 
sidered good  practice  to  use  a  ground  return  for  a  telephone 
circuit.  However,  good  ground  connections  are  necessary 
not  only  for  ground-return  systems,  but  also  for  all  lightning 
arresters,  with  which  most  telephones  and  all  exchanges  are 
provided.  

MEASUREMENT    OF    GROUND    RESISTANCE 

9.  Measurements  to  determine  the  resistance  of  the 
ground  between  two  points  are  not  very  reliable,  on  account 
of  the  presence  of  polarization  or  chemical  action,  which  it 
is  quite  difficult  to  eliminate.  Moreover,  in  no  two  places 
would  the  resistances  be  necessarily  equal,  even  with  the 
same  plates  and  the  same  distance  between  them. 

10.  Measurement  by  a  Voltmeter. — The  only  instru- 
ment required  for  measuring  ground  resistance  is  a  reliable 
voltmeter  whose  resistance  is  definitely  known.  The  method 
to  be  given  is  especially  convenient  when  the  two  points 
between  which  the  resistance  is  to  be  measured  are  so  near 
together  that  the  resistance  of  connecting  wires  may  be  so 
small  in  comparison  with  the  resistance  of  the  voltmeter 
itself  that  their  resistance  can  be  entirely  neglected.  If  their 
resistance  is  not  small  enough  to  be  neglected,  it  must  be 
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measured  and  proper  corrections  made  for  it.  This  renders 
the  method  rather  inconvenient,  but  it  is  ver^  seldom  that 
their  resistance  need  be  considered. 

It  may  be  well  to  state  that  the  current  passing  through  a 
voltmeter,  roultiplied  by  its  resistance,  gives  the  difference 
of  potential  at  the  terminals  of  the  voltmeter.  But  this  is 
also  given  directly  by  the  reading  of  the  voltmeter;  hence, 
the  reading  of  the  voltmeter,  divided  by  its  resistance,  gives 
the  current  flowing  through  the  voltmeter.  A  low-reading 
voltmeter,  one  whose  maximum  reading  is  3  or  5  volts,  will 
gjeaerally  prove  the  best  in  making  this  measurement. 
Very  poor  and  inaccurate  results  will  be  obtained  by  trying 
to  measure  1  or  2  volts,  for  instance,  with  a  voltmeter  read- 
ing as  high  33  160  volts.  Let  us  assume  that  there  may  be 
electric  street-railway,  or  trolley,  currents  flowing  between 
the  two  plates,  thus  causing  them  to  be  at  difierent  potentials. 


11.  Suppose  that  there  are  two  points  ^,5  in  the  ground 
between  which  we  wish  to  measure  the  resistance.  At  these 
points  there  may  be  ground  plates,  or  at  one  point  there 
may  be  the  rail  of  an  electric  street  railway  and  at  the  other 
the  lead  or  iron  armor  of  an  underground  cable,  or  a  ground 
.  plate.  First,  connect  the  voltmeter  directly  between  A  and  B. 
■  Then,  if  a  sufBciently  large  trolley  current  is  flowing  from 
lone  point  to  the  other  through  the  ground,  the  points  A  and  B 
Kwill  he  at  different  potentials  and  we  will  probably  get  a  small 
Ireading  on  the  voltmeter,  which  we  will  call  V.  Second,  con- 
nect a  number  of  cells,  the  total  electromotive  force  of  which 
(mast  not  be  greater  than  the  largest  reading  on  the  volt- 
neter,  between  the  points  A  and  B.  The  voltmeter  is  also 
wnnected  between  //  and  B,  and  it  now  gives  a  reading  /',, 
'which  is  evidently  the  total  difference  of  potentiiil  between 
^  the  terminals  of  the  battery.  Third,  connect  the  voltmeter 
and  the  same  battery  in  series  between  the  two  points  A 
and  B.  The  voltmeter  gives  a  reading  f'.,  and  the  current 
tftrough  the  voltmeter  in  this  position  we  will  call  /,.  There- 
fore, if  r  is  the  resistance  of  the  voltmeter  and  x  is  the  resist- 
^^^ncc  of  the  ground  between  the  two  points  A  and  B,  we  will 
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have  I^r  +  I^x  =  difference  of  potential  at  battery  termi- 
nals =t  difference  of  potential  between  points  A  and  B  that 
would  be  caused  by  the  trolley  current  alone.  The  sign  =*= 
is  used  because  the  difference  of  potential  between  the 
points  A  and  B  that  the  trolley  current  tends  to  set  up  may 
be  in  the  same  direction  ( -h )  or  in  the  opposite  direction  ( — ) 
to  that  due  to  the  battery  alone.     Then  we  may  write 

but  /.r  =  V,  and  I,x  =  -^;   hence,  V^  +  ^^  =   V,  ^  V. 

r  r 

Solving  this  for  x,  we  get 

When  there  is  no  electric-railway  or  other  stray  current 
flowing  between  the  two  points  A  and  By  then  F  =  0,  and 
the   formula  reduces  to 


='(i^-') 


(2) 


12.  This  is  a  very  convenient  and  practical  method  and 
one  that  is  very  useful  also  in  determining  how  much  current 
may  be  flowing  from  the  lead  or  iron  armor  of  an  under- 
ground cable  to  the  surrounding  ground.  From  this  it  may 
be  determined  whether  there  is  much  danger  to  the  lead  or 
iron  armor  from  electrolysis,  and  just  where  the  corrosion  is 
greatest.  The  corrosion  may  be  reduced  by  permanently 
connecting,  at  the  danger  points,  the  lead  or  iron  armor  with 
the  street-railway  return  feeders  or  rails  by  a  good,  stout 
copper  wire.  

GROUND    PLATES 

13.  Material  for  Ground  Plates. — The  best  material 
for  ground  plates  is  copper,  because  it  does  not  corrode  or 
rust  away  like  iron.  Ground  plates  may  be  made  of  sheet 
copper  iV  inch  thick  and  having  a  surface  of  4  or  5  square 
feet.  The  joint  between  the  wire  and  the  plate  should  be  a 
good  metallic  connection,  preferably  riveted  and  well  sold- 
ered and  covered  with  a  moisture-proof  paint,   to  prevent 
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local  chemical  action,  which  causes  an  eating:  away  of  the 
metals  at  the  joint.  Ground  plates  may  also  be  made  of 
sheet  zinc  or  heavily  galvanized  sheet  iron,  but  they  will 
not  last,  especially  the  latter,  as  long  as  copper  plates. 
Some  use,  at  a  substation,  iron  rods  driven  deep  enough 
into  the  ground  to  always  reach  moist  earth;  for  lightning- 
arrester  grounds,  this  may  be  sufficient.  To  prevent  the 
corrosion  of  a  wire  leading  to  a  ground  plate,  the  wire 
should  be  coated  with  a  good  moisture-proof  insulating 
material,  such  as  rubber.  The  permanent  ground  wire  at 
an  exchange  should  not  be  smaller  than  a  No.  8  copper  wire. 

14.  liocatton  of  Ground  Plates. — When  practicable, 
place  the  ground  plate  in  a  good  well,  with  a  weight  at  the 
bottom  to  keep  it  in  place.  If  a  constant  stream  of  water 
can  be  conveniently  reached,  that  is  still  better.  A  cistern 
is  of  no  use  for  this  purpose,  for  it  is  merely  a  tight  vessel 
for  holding  water,  and  the  contents  have  little  or  no  connec- 
tion with  the  surrounding  earth.  Where  driven  wells  are 
used,  scrape  the  top  of  the  well  pipe,  wrap  the  ground  wire 
firmly  around  it,  and  solder  it  on  if  possible.  This  makes  a 
perfect  ground  connection,  but  it  may  be  very  difficult  or 
impossible  to  solder  the  wire  to  the  pipe,  especially  if  there 
is  any  water  running  through  it.  Dry  earth,  sand,  gravel, 
etc.  are  not  conductors  of  electricity.  Contact  must  be 
made  with  damp  earth.  It  is  not  sufficient  to  put  the  ground 
plate  a  few  feet  in  the  earth,  where  in  the  summer  the 
ground  becomes  dry,  and  in  winter  the  earth  freezes  around 
and  below  it.  Dry  ice  is  an  insulator,  and  a  ground  plate  in 
frozen  earth  is  absolutely  worthless. 

If  a  ground  plate  must  be  buried  in  a  sandy,  gravelly,  or 
rocky  soil,  where  the  moisture  is  not  sufficient  to  render  it 
a  good  conductor,  place  the  plate  in  a  pit  dug  for  the  pur- 
pose and  pack  scrap  tin  or  other  waste  metals  or  crushed 
coke  or  charcoal  closely  around  it  and  lead  the  discharge 
from  water  or  drain  pipes  into  the  pit. 

15.  Ground  Connections  Throuj^li  Water  and  Gas 
Pipes. — Water  and  gas  pipes,  on  account  of  their  extensive 
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ramifications  through  the  ground,  make  excellent  contact 
with  it,  and  for  this  reason  are  usually  considered  as  good 
terminals  to  which  the  wire  running  to  the  ground  may  be 
fastened.  Do  not  connect  a  ground  wire  to  a  gas  pipe  if, 
by  going  a  little  farther,  a  water  pipe  can  be  reached,  nor 
to  the  nearest  place  on  the  water  pipe  if,  by  going  a  little 
farther,  a  pipe  closer  to  the  entrance  of  the  building  and  out- 
side of  building  joints  can  be  reached.  If  the  ground  con- 
nection must  be  made  to  a  gas  pipe,  it  should  be  made  on 
the  street  side  of  the  meter  if  possible,  or  the  meter  should 
be  bridged  by  a  wire,  since  the  meter  is  liable  to  be  removed 
at  some  time  or  other,  and  thus  break  the  ground  circuit. 
Moreover,  the  white  or  red  lead  used  in  iron-pipe  joints 
often  makes  the  joints  offer  considerable  resistance  to  the 
current  before  it  can  reach  the  ground. 

It  is  not  very  desirable,  where  there  are  electric  street- 
railway  systems  in  the  neighborhood,  to  make  the  ground 
connection  through  gas  or  water  pipes.  Water  pipes  used 
for  this  purpose  on  a  short  telegraph  line  near  a  trolley  road 
have  been  known  to  become  so  weak  as  to  burst  inside 
of  2  months.  The  weakening  was  caused  by  electrolytic 
action  due  to  the  railway  current  returning  through  the  pipe 
and  the  telegraph  line  circuit  instead  of  through  its  normal 
path — the  rails  and  the  ground.  Judging  from  a  great 
many  results  that  have  been  recently  observed  it  seems  to 
be  doubtful  if  it  is  good  practice  to  connect  the  ground  wires 
with  water  pipes.  According  to  some  authorities,  it  is  much 
better  to  run  the  wire  directly  to  a  plate  buried  deep  enough 
in  the  ground  to  be  always  in  contact  with  moist  earth. 

16.  Soldering  Ground  Wires  to  Pipes. — The  Under- 
writers  advocate  soldering  the  ground  wire  to  a  brass  plug 
that  can  be  firmly  screwed  into  a  pipe  fitting.  It  ^s  best 
before  soldering  to  a  water  pipe  to  drain  out  all  the  water, 
as  the  result  is  more  satisfactory  and  less  tiresome  and 
expensive.  However,  it  is  possible  to  solder  a  ground  wire 
to  a  water  pipe  without  turning  off  the  \vater,  notwithstand- 
ing statements  to  the  contrary.     To  do  so,  it  is  necessary 
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to  use  a  blow  torch  so  that  the  surface  of  the  pipe  to  which 
the  connection  is  to  be  made  shall  be  heated  quickly  to  the 
proper  temperature  in  order  that  the  heat  may  not  be  con- 
ducted to  portions  on  either  side.  Scrape  both  the  wire  and 
pipe  clean  and  bright,  the  latter  preferably  with  a  file;  wrap 
about  20  turns  of  the  wire  around  the  pipe,  which  should 
then  be  heated  sufficiently  to  make  the  solder  run  freely 
between  the  turns  of  the  wire.  When  cool,  the  joint  should 
be  taped.     Care  must  be  taken  not  to  melt  lead  pipes. 

17.  Fastentnfir  Ground  Wires  to  Pipes  Without 
Solder. — If  the  owner  of  a  building  believes  that  a  soldered 
joint  will  injure  his  pipe  and  will  not  allow  one  to  be  made, 
a  good  way  to  fasten  a  ground  wire  to  a  pipe  is  shown  in 
Fig.  2,  which  was  given  in  the  American  Telephone  Journal. 
The  pipe  should  first  be 
thoroughly  cleaned  by  filing 
until  the  surface  is  smooth 
and  bright.  Some  advocate 
wrapping  tin-foil  around  the  P'<*-  2 

pipe  to  prevent  rust  and  chemical  action.  The  ground  wire 
should  not  be  smaller  than  No.  16  B.  &  S.,  and  should  be 
cleaned  thoroughly  before  wrapping  around  the  pipe.  Place 
the  loop,  as  shown  in  the  figure,  parallel  to  the  pipe,  and 
wrap  over  it  about  sixteen  turns  of  the  free  end  of  the  wire. 
Then,  draw  the  end  a  through  the  loop  and  pull  tightly  on 
the  end  ^,  thus  pulling  the  loop  under  the  wrappings  so  as  to 
hold  the  end  a  securely.  To  make  this  tie  still  more  secure, 
it  may  be  soldered,  otherwise  it  is  advisable  to  cover  the 
turns  with  tin-foil  and  wrap  tape  over  the  joint  in  order  to 
prevent  the  entrance  of  moisture. 

Some  claim  that  a  ground  clamp  or  a  plastic  alloy,  such  as 
the  Edison  plastic  alloy  paste,  is  fully  as  good  if  not  prefer- 
able to  a  joint  made  by  soldering  the  ground  wire  to  a  water 
or  gas  pipe. 
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COMMON-RETURN  SYSTEMS 

18.  Circuits. — As  a  partial  remedy  for  the  difBculties 
brought  about  by  the  grounding  of  circuits,  a  system  has 
come  into  wide  use  in  which  a  wire  common  to  several  or 
all  of  the  circuits  forms  the  return  instead  of  the  earth.  This 
system  is  generally  known  as  the  common-return  or 
McCluer  systeiu,  the  latter  name  being  that  of  its  origi- 
nator. In  Fig.  3  is  shown,  diagrammatically,  the  same  group 
of  stations  S\  5*,  S\  etc.  as  was  shown  in  Fig.  1,  connected 
by  line  wires  L\  L\  L*,  etc.  with  the  switchboard  drops  or 
other  signaling  devices  D\  /?*,  Z>*,  etc.,  in  the  same  manner 
as  in  that  figure.  Instead,  however,  of  using  an  earth  return 
for  these  circuits,  each  line  wire  is  connected  at  each  end, 
after  passing  through  the  instruments,  to  a  common-return 
wire,  which  passes  from  the  central  office,  following,  as 
closely  as  possible,  the  same  route  as  the  line  wires  Z,*,  Z,*, 
L^y  etc.  In  order  to  shorten  up  the  various  leads  /*,  /",  /*, 
etc.  that  connect  the  stations  with  the  common-return  wire, 
the  common-return  wire  may  itself  be  branched  so  as  to 
pass  near  to  the  various  stations.  In  practice,  several  com- 
mon-return wires,  all  connected  togethet  at  the  exchange,  are 
sent  out  in  various  directions  from  the  exchange,  following 
the  route  in  each  case  of  its  own  group  of  line  wires  as  much 
as  possible.  It  sends  off  lateral  branches  wherever  necessary 
to  facilitate  the  work  of  connecting  the  various  stations  to  it. 

19.  Advantagres  of  Common-Return  System. — If  a 

common-return  system  is  free  from  grounds,  with  the  excep- 
tion of  a  single  ground  connection  that  is  sometimes  placed 
on  the  common-return  wire  at  the  central  office,  the  leakage 
difficulty  is  almost  entirely  done  away  with.  The  induction 
between  the  various  telephone  lines,  and  also  between  other 
lines  and  the  telephone  lines,  is  greatly  reduced,  because 
the  common-return  wire  is  acted  on  also  by  the  inductive 
influence  and,  as  it  forms  the  return  side  of  each  circuit,  has 
a  tendency  to  neutralize  the  inductive  action  in  the  lines 
themselves. 
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20.  The  principal  point  to  be  considered  in  the  construc- 
tion of  common-return  systems  is  the  proper  size  of  the 
common-return  wire.  In  Fig.  4,  Z>,  Z>,  D  represent  the 
drops  at  the  central  office,  /?,  R,  R  the  telephone  apparatus 
at  the  subscribers*  stations  i,  2,  5,  4,  etc.;  C  R.  is  the  com- 
mon-return wire,  which  completes  the  circuits  of  the  various 
line  wires  Z,,,  Z,,,  -Z.,  etc.  between  the  central  office  and  the 
various  subscribers*  stations.  With  such  an  arrangement, 
it  is  evident  that  the  return  circuit  for  any  one  line  is  made 
not  only  from  the  common-return  wire,  but  through  all  the 
other  wires  in  multiple.  To  illustrate:  A  current  set  up  in 
the  apparatus  at  station  S  will  pass  over  line  wire  L^  to  the 
central  office;   from  here  the  greater  portion  of  the  return 
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current  will  pass  through  the  common-return  wire,  but  paths 
are  also  offered  through  the  line  drops  and  the  line  wires  of 
the  other  stations  i,  2,  -i,  5,  6,  7,  etc.,  to  the  common-return 
wire,  and  back  to  station  3.  It  is  evident  that,  if  the  resist- 
ance of  the  common-return  wire  is  not  very  low,  it  may 
serve  to  shunt  enough  current  through  the  other  telephone 
lines  to  cause  cross-talk.  This  is  the  principal  reason  why 
the  common-return  wire  should  be  made  of  low  resistance, 
and  it  is  evident  that  the  lower  the  resistance,  the  more  per- 
fect will  be  the  freedom  from  this  leakage  cross-talk.  Of 
course,  when  two  lines,  A,  and  Z,,,  for  instance,  are  con- 
nected for  conversation,  they  are  disconnected  from  the  line 
drops  and  connected  together  by  a  cord  circuit,  such  as  is 
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sbowQ  at  C.  this  circuit  connecting  the  line  of  station  1  with 
ihe  line  of  station  7  for  conversation.  Currents  generated 
at  either  of  these  telephone  stations  will  pass  through  the 
two  line  wires  and  the  cord  circuit,  the  return  circuit  of 
least  resistance  being  through  the  common-return  wire 
C.  R.  It  will  be  evident,  however,  that  a  portion  of  the 
return  current  may  be  forced  through  the  other  lines  in 
multiple  with  the  common-return  wire.  Thus,  a  part  of 
the  current  that  should  flow  in  the  common-return  wire 
from  a  to  6  might  be  shunted,  by  the  resistance  of  that  por- 
tion of  the  common-return  wire,  through  the  instrument  al 
Station  2,  line  wire  Z...  drop  D  of  that  line,  common  connec- 
tion of  the  central  office,  drop  D  of  /,.,  line  /..,  and  the 
iastrument  at  station  0,  to  the  point  d. 


I 


21.  Size  of  Conunon  Return. — No  general  rule  can 
he  laid  down  for  the  determination  of  the  size  of  the 
common- re  turn  wire,  but  where  the  line  wires  are  of  copper 
— say  No.  12  or  No.  14— a  No.  6  or  No.  8  common-return  wire 
will  usually  prove  large  enough,  although  where  a  branch 
of  the  common-return  wire  serves  a  large  number  of  sub- 
scribers and  extends  to  a  considerable  distance  from  the 
central  office,  a  No.  4  would  be  found  to  give  better  results, 
at  least  for  the  main  common-return  wire.  The  greater  the 
resistance  of  the  exchange  line  signal,  the  average  resist- 
ance of  the  line  wires,  and  the  subscribers'  bells,  the  smaller 
can  be  the  common  return. 

As  far  as  electromagnetic  or  electrostatic  induction  between 
the  telephone  lines  themselves  or  between  the  telephone 
lines  and  foreign  circuits  are  concerned,  there  is  no  advan- 
tage to  be  gained  by  making  the  common  return  larger  than 
the  individual  telephone  wires;  in  fact,  the  same  size  would 
be  preferable.  Since  all  the  line  wires,  except  one.  form 
paths  in  parallel  with  the  common  return,  it  is  usually 
necessary,  in  order  to  reduce  the  strength  of  the  return 
current  through  each  parallel  telephone  line  to  an  amount 
that  will  produce  no  perceptible  cross-talk,  to  make  the 
common  return  larger  than  the  individual  line  wires.  •  It  is, 
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however,  useless  to  increase  the  size  of  the  common  return 
in  order  to  reduce  cross-talk  that  is  due  to  leakage  in  cables 
or  elsewhere,  or  to  induction  between  apparatus  or  circuits 
in  the  central  office. 

22.  Cause  and  Remedy  for  Trouble  on  Common- 
Keturn  Leads. — It  is  good  practice  to  have  a  separate 
common-return  wire  for  each  lead  of  wires,  and  to  confine 
the  common-return  sides  of  all  subscribers'  lines  on  that  lead 
to  their  proper  common  return.  These  branch  common- 
return  wires  should,  if  possible,  terminate  in  a  switch  at  the 
central  office,  so  that  each  one  may  be  grounded,  opened,  all 
connected  together  and  grounded,  or  all  connected  to  the 
main  common  return  without  a  ground,  as  may  be  found 
desirable. 

A  break  or  defective  joint  at  one  point  on  a  common 
return  usually  produces  the  same  result  as  a  cross.  If 
several  subscribers  apparently  become  crossed  in  one  district 
and  on  the  same  return,  it  can  reasonably  be  inferred  that 
the  return  is  open  at  some  point,  probably  due  to  a  break  or 
a  bad  joint,  between  the  exchange  and  the  nearest  sub- 
scriber's station.  This  can  be  determined  by  grounding 
this  branch  of  the  return  system  at  one  or  more  places 
between  the  exchange  and  the  subscriber's  station,  until  the 
trouble  disappears.  It  is  usual  to  halve  the  distance  and 
keep  on  halving  the  bad  portion  until  the  fault  is  found. 
Trouble  could  more  easily  be  removed  by  grounding  the 
return  at  one  of  the  defective  subscribers*  stations,  and  this 
is  often  done  by  careless  workmen;  but  this  method  soon 
converts  the  system  into  a  grounded  return,,  and  the  bene- 
ficial result  of  the  common  return  is  lost.  Such  carelessness 
can  usually  be  located  in  a  system,  when  provided  with 
switches  as  mentioned  above,  by  connecting  the  various 
common-return  leads  to  the  ground  at  the  exchange. 

Trouble  at  the  central  office  on  a  common-return  system 
usually  makes  itself  known  by  causing  cross-talk  or  noise. 
The  common  return  if  crossed  with  a  trolley  or  other  high- 
tension  circuit  will  generally  produce  a  noisy  condition  on 
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nearly  all  the  exchange  lines.  The  cross  can  usually  be 
located  by  opening  each  switch  of  the  common  return  and 
observing  the  result.  If  very  heavy,  a  spark  will  be 
noticed;  if  only  slight,  a  change  will  be  observed  in  the 
amount  of  the  disturbance. 

23.  Similar  Side  of  Each  Circuit  Connected  to 
Common  Return. — All  the  sleeve  wires  in  an  exchange 
using  a  ground-  or  common-return  system  should  always  be 
connected  to  the  ground-  or  common  return.  For  should  a 
line  with  the  tip  side  grounded  or  connected  to  a  common 
return  be  joined  through  an  exchange  circuit  to  a  line  with 
the  sleeve  side  grounded  or  connected  to  a  common  return, 
a  short  circuit  will  be  produced,  as  shown  in  Fig.  5,  from 
the  tip  side  of  the  wrongly  grounded  exchange  conductor  c 
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through  the  common  or  earth  return  to  the  sleeve  d  on  the 
other  end  of  the  exchange  circuit.     The  dotted  lines  repre- 
sent the  earth,  or  common,  return  circuit.     On  account  of 
the  low-resistance  path  through  the  earth  or  common  return 
across  the  circuit,  no  conversation  can  take  place  between 
the  connected  subscribers,  neither  can  they  ring  down  the 
clearing-out    drop    for    disconnection.     The    lines    will    of 
course   remain    tied   up   until    the    operator    discovers    the 
trouble.     Therefore,  care   should  be   taken  not  to  connect 
some  sleeve  and  some  tip  wires  in  the  same  exchange  to  the 
ground-  or  common-return  wire.     In  Bell  systems,  the  wires 
in  a  cable  that  are  evenly  numbered  are  connected  to  the 
common  return  or  ground,  the  odd-numbered  wires  being 
connected  to  the  open  overhead  line  wires. 
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METAIililC-CIRCUIT  SYSTEMS 

24.  circuits. — In  reality,  the  common-return  system 
just  described  is  one  form  of  metallic-circuit .  system, 
because  the  circuits  are  completed  entirely  through  metallic 
conductors.  From  common  usage,  however,  it  has  become 
customary  to  refer  to  only  those  lines  that  have  individual 
return  wires,  as  metallic  circuits.  In  a  metallic-circuit  sys- 
tem, therefore,  two  lines  are  extended  from  the  central 
office  to  each  subscriber's  station.     These  lines  are  of  the 
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same  size,  and  are  placed,  as  far  as  possible,  in  such  manner 
as  to  be  equally  distant  from  all  disturbing  sources,  such  as 
other  wires.  A  group  of  stations  S\S',S*,  etc.,  connected 
by  complete  metallic  circuits  with  the  central-office  signaling 
devices,  is  shown  in  Fig.  6.  Each  metallic  circuit  U^U^U^ 
etc.  is  composed  of  two  wires  /',  /'^ 

It  is  sufficient  at  this  point  to  say  that  the  metallic  circuit 
alone  has  completely  and  satisfactorily  solved  the  various 
problems  arising  from  induction  between  the  telephone  lines 
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Ibemselves,  and  also  £rom  wires  carrying  other  kinds  of 
turreni.  The  constniclion  of  metallic  circuits  ibroughout 
a  system,  of  course,  involves  considerable  expense,  and 
where  ihis  cannot,  be  well  afforded,  the  common-return  sys- 
tem may  be  used,  which,  if  properly  and  carefully  designed,  is 
capable  in  systems  of  moderate  size  of  giving  very  satis- 
factory service.  A  grounded-Hoe  system  should  never  be 
used,  except  iu  the  smallest  exchanges,  where  the  lines  are 
short  and  where  there  are  no  electric  railways  or  electric- 
lighting  systems. 

25.  Metallic  Circuits  In  Exchanges  and  Cables. 
Although  ground-return  and  common-return  systems  may  be 
nsed  for  the  distribution  of  circuits  outside  the  exchange 
building,  it  is  no  longer  considered  good  practice  to  use  any 
but  a  complete  metallic-circuit  system  within  the  building 
and  through  the  cables.  In  order  to  reduce  cross-talk  as 
much  as  possible,  each  telephone  circuit  should  consist  of  two 
separate  wires  (twisted  spirally  about  each  other)  through- 
out (he  exchange  and  al)  cables  to  the  terminal  box  where  the 
open-wire  construction  commences.  At  this  point,  all  wires 
forming  like  sides  of  the  various  circuits  in  the  exchange, 
which  are  usually  insulated  with  the  same  color  material, 
may  be  connected  to  one  wire,  usually  not  smaller  than  a 
No.  8  B.  &  S.  copper  wire,  which  would  be  connected  lo  the 
1  common-return  wire  of  the  system,  or  to  a  good  ground  if  a 
I  ground  return  is  used.  This  will  give  a  metallic  circuit  of 
L  twisted  wires  for  each  line  to  the  open-wire  part  of  the  system. 
If  the  wires  are  connected  to  the  common  conductor  any- 
where inside  the  exchange  building,  and  each  conductor  of 
the  outside  cable  is  used  as  a  line  wire,  the  cross-talk  will  be 
greatly  increased.  This  is  due  to  the  fact  that  the  cable  con- 
ductors will  then  be  in  the  condition  of  parallel  line  wires 
without  transposition,  which  will  be  fully  explained  later,  and 
the  electrical  induction  from  any  one  of  them  carrying  voice 
currents  will  affect  the  remainder  in  the  same  cable,  and 
thus  bad  cross-talk  will  result.     This  induction  cannot  exist 

C lines  made  up  of  twisted-pair  circuits.      In  other 
25 
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words,  the  two  wires  formingf  a  twisted  pair  in  a  telephone 
cable  should  never  be  used  for  two  telephone  circuits  witb 
either  a  ground  or  a  common  return. 

The  construction  of  the  line  circuits  of  an  exchanc^e  wOI 
be  considered  elsewhere,  it  having  been  thought  best  at  this 
point  to  give  some  preliminary  ideas  of  the  various  types 
of  lines. 

INSTALLING  TELEPHONES 

26.  Under  this  heading  will  be  considered  the  work  of 
fastening  the  telephone  in  its  proper  position  in  the  sub- 
scriber's premises,  properly  adjusting  its  parts,  connecting  it 
to  the  line,  and  placing  it  in  service.  The  nature  of  the  work 
of  instrument  setting  depends  on  two  factors:  first  on  the 
nature  of  the  telephone;  and  second,  on  the  location  of  the 
telephone. 

27.  Installiii|2:  Wall  Telephones. — The  chief  points  to 
be  observed  in  putting  up  a  wall  telephone  set  are  to  place 
it  against  a  solid  wall,  so  that  no  ordinary  vibration  of  the 
building  shall  affect  it;  and  in  such  a  position,  as  regards 
neighboring  objects,  that  the  receiver  and  bell-crank  may  be 
easily  reached;  and  as  regards  height  from  floor,  so  that 
those  who  will  require  to  use  it  most  can  speak  to  the  trans- 
mitter without  undue  stretching  or  stooping. 

The  user  of  the  telephone  will  generally  indicate  the  most 
convenient  place  for  it,  and  his  wishes  should  of  course  be 
respected,  provided  that  the  instrument  will  have  a  fair 
chance  in  the  position  selected.  If  it  is  obviously  unsuit- 
able, this  should  be  pointed  out  and  explained,  in  the  interest 
of  the  customer  himself.  Any  situation  that  will  cause  the 
telephone  to  be  in  the  way  of  office  traffic  should  be  avoided, 
both  because  of  the  risk  of  the  instrument  getting  damaged  by 
accidental  collision  and  because  of  the  annoyance  to  one  using 
the  telephone  from  having  people  pass  close  by  frequently. 
The  best  place  for  an  office  telephone  is  in  a  small  closet 
booth,  or  space  partitioned  off  for  that  purpose.  Booths  art 
now  made  in  many  styles.    Those  with  double  walls,  doors, 


19      INSTALLATION  OF  TELEPHONES      21 

and  windows  are  practically  sound-proof;  that  is,  a  person  out- 
side cannot  hear  the  person  who  is  talking  iaside  the  booth. 

28.  Wall  sets  are  placed  on  wood,  brick,  or  plastered 
walls.  In  the  former  case,  all  that  is  necessary  is  to  fasten 
the  telephone  at  the  proper  height  by  wood  screws  about 
1}  incfaes  lone  passed  through  four  holes,  one  at  each  comer, 
of  the  instrument  board.  Where  the  wood  to  which  the" 
instrument  is  to  be  fastened  is  hard,  like  oak  or  mahogany, 
it  is  nrell  to  coat  the  end  of  the  screws  with  soap  moistened 
with  water,  as  this  insures  their  easy  passage  into  the  wood 
and  does  not  prevent  a  firm  bold.  The  telephone 
can  usually  be  fastened  to  a  plastered  wall  by 
sirs;  sometimes  extra  long  ones  are  required 
The  screws  should  go  into  solid  wood  or  at  least 
firmly  into  the  lath  and  not  merely  through  the 
plaster  between  the  latb. 

Where  the  walls  are  of  hollow  firebrick,  the 
instrument  can  be  secured  in  the  same  manner 
as  explained  for  wood,  except  that  the  screws 
should  be  longer — about  2i  inches  long.  If  the 
wall  is  of  hard  brick,  it  is  impossible  to  drive 
screw^s  into  it,  except  in  the  lines  of  mortar. 
Under  these  conditions  it  is  best  to  first  nail  up  a  <■ 
board  a  trifle  larger  than  the  instrument  board, 
called  a  backboard,  using  tenpenny  nails,  and 
screw  the  instrument  to  this.  This  method  has 
the  additional  advantage  that,  when  the  telephone  is  removed, 
it  is  simply  unscrewed  from  the  backboard,  allowing  the 
latter  to  remain  fastened  to  the  wall.  The  premises  are 
thereby  left  uninjured.  Some  building  superintendents 
require  that  bnck  and  plastered  walls  should  be  plugged 
before  the  telephone  is  set.  This  is  done  by  the  use  of  a 
hammer  and  star  drill,  which  is  a  chisel  having  two  cutting 
edees  at  right  angles,  as  shown  at  a  and  A,  Fig.  7.  By  the 
proper  use  of  this  tool,  a  neat,  clean  hole  may  be  cut  about 
ff  inches  deep.  These  holes  should  be  located  opposite  to 
where  the  screw  holes  in  the  instrument  board  are  to  come 
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when  the  latter  is  in  place.  Into  each  hole  is  then  driven  a 
cylindrical  plug:  of  soft  pine,  of  such  size  as  to  make  a  binding 
fit,  and  hammered  or  cut  off  flush  with  the  wall.  The  instru- 
ment is  then  secured  to  these  plugs.  Telephones  should  not 
be  mounted  on  a  chimney  breast  by  plugging  the  wall  with 
wood,  as  the  latter  will  dry,  shrink,  and  become  loose. 

29.  Liocatioii  of  Batteries. — Batteries  for  use  with  a 
wall  instrument  may  be  placed  in  a  suitable  box  on  the  floor 
directly  under  the  instrument,  or,  if  required  by  the  sub- 
scriber, they  may  be  placed  in  a  near-by  closet,  or  under  a 
washstand.  If  possible,  the  batteries  should  be  located  so 
as  to  render  access  for  renewals  easy.  In  setting  common- 
battery  instruments,  the  same  instructions  apply.  There 
being  no  batteries,  however,  at  the  telephone,  the  work  is 
very  simple,  all  that  is  required  being  to  connect  the  line 
wires  to  the  proper  terminals  and  to  run  a  ground  wire. 

30.  lustalling  Desk  Sets. — The  induction  coil,  when 
mounted  on  a  separate  connecting  rack  or  block,  should  be 
securely  mounted  by  means  of  screws  through  holes  in  each 
corner  under  the  desk  or  table  on  which  the  desk  stand  is 
placed.  The  generator  box  is  screwed  underneath  the  desk 
or  table  in  such  a  position  that  the  crank  of  the  generator  is 
within  easy  reach.  The  particular  points  to  be  observed  in 
installing  desk  sets  are:  that  the  induction  coil  shall  be  mounted 
where  it  cannot  be  seen  nor  subjected  to  mechanical  injury, 
and  near  enough  to  the  desk  stand  to  enable  the  latter  to  be 
used  by  means  of  the  stand  cord  furnished  with  it  over  as 
large  an  area  as  possible;  and  that  the  generator  be  so  placed 
as  not  to  be  in  the  way,  and  yet  be  accessible  for  use.  Both 
the  generator  and  induction  coil  should  be  fastened  as 
securely   as    screws   will   hold    them . 

3 1 .  Installing  Cabinet  Deslc  Sets. — The  desired  loca- 
tion having  been  learned  from  the  subscriber,  the  cabinet 
desk  set  is  placed  with  its  back  to  the  wall,  the  top  of  the 
apparatus  cabinet  is  removed,  and  the  line  wires  are  brought 
in  through  the  two  small  holes  in  the  back  and  fastened 
securely  to  the  binding  posts.     The  batteries  are  then  set  up, 
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placed  in  the  battery  cabinet,  and  connected  in  series,  their 

terminals  beings  carried  up  through  holes  in  the  apparatus 

board  to  the  proper  binding  posts.     As  the  installer  usually 

receives  the  set  with  the  receiver  and  cord  unattached,  he 

connects  these  up  properly,  and  the  telephone  is  ready  for 

service.     If  the  floor  under  the  set  should  be  very  uneven,  it 

may  be  necessary  to  block  up  one  side  with  a  thin  piece  of 

wood  to  make  the  top  of  the  set  level.     When  this  operation 

is  necessary,  it  is  well  to  fasten  the  set  securely  to  the  floor, 

xmg  iron  angles  and  screws.     It  is  very  seldom,  however, 

;  that  this  is  necessary.         

INTERIOR    WIRING    FOR    TELEPHONES 

32.  Under  this  heading  is  included  the  run  of  wire  from 
the  point  of  entrance  to  the  subscriber's  premises  to  the 
telephone.  The  fundamental  principle  to  be  observed  in 
wiring  for  a  telephone  is  to  make  the  run  as  short  as  pos- 
sible. It  is  therefore  necessary  for  the  instrument  setter, 
before  he  starts  his  run  of  house  wire,  to  ascertain  from 
the  subscriber  the  location  of  the  telephone;  and  from 
the  subscriber,  janitor,  or  building  superintendent  the  route 
over  which  the  wire  must  or  may  be  run.  In  residences  and 
in  the  older  type  of  office  buildings,  the  nature  of  the  house 
wiring  is  different  from  that  found  in  the  modem  office 
building.  In  connection  with  the  former  class  of  buildings, 
some  one  of  the  many  overhead  distributing  systems  are 
osed;  while  with  the  latter  class,  it  is  customary  to  run  a 
house  cable,  with  terminals  on  each  floor,  through  a 
specially  prepared  wireway,  flue,  or  elevator  shaft,  in  which 
case  wires  need  be  run  from  each  telephone  only  to  the 
terminal  on  the  same  floor. 

33.  Where  the  distribution  is  from  aerial  circuits,  the 
point  of  entrance  to  the  building  may  be  made  anywhere  at 
the  discretion  of  the  instrumentman,  but  it  should  be  so 
selected  as  to  make  the  drop  wires — which  are  the  wires  run- 
ning from  the  nearest  pole  or  point  of  distribution  to  the 
building — the  ground  wire  and  the  house  wires  as  short  as 
possible.     With  these  objects  in  view,  the  cellar  wall  is  now 
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generally  considered  the  most  advantag^eous  place  to  pierce, 
thereby  enabling  the  protecting  device  to  be  placed  on  the 
inside  of  the  wall  at  the  point  of  entrance,  thus  making  the 
line  from  the  protecting  device  to  the  ground  as  short  as 
possible.  Formerly,  the  proper  place  to  attach  the  drop 
line  was  considered  to  be  in  the  attic. 

34.  The  National  Electrical  Code. — ^When  electric 
lights  first  came  into  use,  the  insurance  companies  discovered 
that  there  were  many  fires  of  electrical  origin,  because  the 
wiring  was  of  very  inferior  workmanship.  The  various  asso- 
ciations of  underwriters,  therefore,  formulated  rules  in  accord- 
ance with  which  they  required  that  all  wiring  be  done,  or 
they  would  not  insure  buildings  containing  it.  In  the  course 
of  time,  these  various  rules  of  local  insurance  associations 
were  reduced  to  a  uniform  code,  and,  finally,  they  became 
known  as  the  National  Electrical  Code,  and  received  the 
indorsement  of  practically  all  the  fire-inspection  bureaus 
throughout  the  United  States,  besides  that  of  many  other 
organizations. 

A  few  cities  have  rules  of  their  own  that  differ  slightly 
from  this  code,  but  the  differences  are  not  vital.  Every 
wireman  should  be  supplied  with  a  copy  of  the  latest  edition 
of  the  National  Electrical  Code,  and  do  work  in  the  United 
States  in  compliance  with  those  rules,  whether  additional 
laws  exist  or  not.  Copies  of  the  code,  and  of  all  other 
information  published  by  the  Underwriters'  National  Elec- 
tric Association  for  the  sake  of  reducing  the  fire  hazard, 
may  be  obtained  by  writing  to  the  National  Board  of  Fire 
Underwriters  at  Chicago  or  New  York,  or  by  applying  to 
the  nearest  Underwriters*  Inspection  Bureau.  The  rules 
are  revised  as  often  as  changes  in  the  electrical  art  make 
such  revision  necessary. 

In  addition  to  this  code  of  rules,  the  National  Board  of 
Underwriters  publishes,  about  every  year,  a  list  of  approved 
fittings  and  insulated  wires  for  use  in  connection  with  the 
code.  This  list  contains  the  names  of  articles  that  have  been 
found  entirely  satisfactory  by  test  or  experience,  together 
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with  the  names  of  the  manufacturers.  It  does  not  contain  a 
list  of  all  fittings  that  will  pass  inspection,  and  many  good 
articles  are  not  listed  in  its  pages. 

In  what  follows,  rules  and  explanatory  notes  taken  from  the 
National  Electrical  Code  are  indented  (that  is,  set  in  a  little 
from  the  edge  of  the  other  printed  matter,  as  in  Art.  35,  for 
instance)  in  order  that  they  may  be  distinguished  from  other 
information  also  relating  to  the  interior  wiring  of  buildings 
for  telephones.  

UNDBBWRITERS'  RUL.E8  FOR  SIGN  AIDING 

SYSTEMS 


OUTDOOR    WIRING 

35.  The  rules  to  be  given  here  relate  to  the  wiring 
for  telephone,  telegraph,  district-messenger  and  call-bell 
circuits,  fire    and   burglar  alarms,  and  all  similar  systems: 

fl.  Outside  wires  should  be  run  in  imderground 
ducts  or  strung  on  poles,  and,  as  far  as  possible,  kept 
off  of  buildings,  and  must  not  be  placed  on  the  same 
cross-arm  with  electric  light  or  power  wires.  They 
should  not  occupy  the  same  duct,  manhole,  or  hand- 
hole  of  conduit  systems  with  electric  light  or  power 
wires. 

Single  manholes  or  handholes  may  be  separated 
into  sections  by  means  of  partitions  of  brick  or  tile^ 
so  as  to  be  considered  as  conforming  with  the  above 
rule. 

b.  When  outside  wires  are  run  on  same  pole  with 
electric  light  or  power  wires,  the  distance  between 
the  two  inside  pins  of  each  cross-arm  must  not  be 
less  than  26  inches. 

36.  Protective  Devices. — 

c.  All  aerial  conductors  and  underground  con- 
ductors which  are  directly  connected  to  aerial  wires 
must  be  provided  with  some  approved  protective 
device,  which  must  be  located  as  near  as  possible  to 
the  point  where  they  enter  the  building,  and  not  less 
than  6  inches  from  cvirtains  or  other  inflammable 
material. 
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The  protective  device  should  not  be  mounted  close  to 
gas  or  water  pipes,  or  electric-light  or  other  wires.  Select 
a  place  as  dry  as  possible  and  as  near  to  the  place  of  entering 
as  possible  and  in  a  place  easy  of  access,  since  they  must  be 
inspected  occasionally.  Protectors  or  any  other  pieces  of 
apparatus  should  never  be  put  up  with  nails,  but  with  screws. 


WIRING    ON    LINE    SIDE    OF    PROTECTOR 

37.  Size  and  Kind  of  Wire. — 

d.  If  the  protector  is  placed  inside  of  building, 
wires,  from  outside  support  to  binding  posts  of  pro- 
tector, must  comply  with  the  following  requirements: 

1.  Must  be  of  copper,  and  not  smaller  than  No. 
18  B.  &  S.  gauge. 

2.  Must  have  an  approved  rubber  insulating 
covering. 

38.  Approved  •  Rubber-Covered  Wire. — The  Under- 
writers require  rubber-covered  wire  to  comply  with  the 
following  specifications: 

(fl)  Copper  for  conductors  must  be  thoroughly 
tinned. 

{b)  Insulation  for  voltages  between  0  and  600 
must  be  of  rubber  or  other  approved  substances,  and 
be  of  a  thickness  not  less  than  that  given  in  the  fol- 
lowing table  for  B.  &  S.  sizes: 

From  18  to  16,  inclusive      .    .    .    .  nV  inch 

From  15  to    8,  inclusive      ....  A  inch 

From    7  to    2,  inclusive      .    .    .    .  tV  inch 

1  to  0000,  inclusive A*  inch 

Measurements  of  insulating  wall  are  to  be  made 
at  the  thinnest  portion. 

{c)  The  completed  coverings  must  show  an  insu- 
lation resistance  of  at  least  100  megohms  per  mile 
during  30  days'  immersion  in  water  at  70°  F. 

[d)  Each  foot  of  the  completed  covering  must 
show  a  dielectric  strength  sufficient  to  resist, 
throughout  5  minutes,  the  application  of  an  electro- 
motive force  of  3,000  volts  per  eV  inch  thickness  of 
insulation  under  the  following  conditions: 

The  application  of  the  electromotive  force  shall 
first  be  made  at  4,000  volts  for  5  minutes,  and  then 
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the  voltage  increased  by  steps  of  3,000  volts,  each 

held  for  5  minutes,  until  the  rupture  of  the  insula- 

lion  occurs.     The  tests  for  dielectric  strength  shall 

be  made  on  a  sample  of  wire  1  foot  of  which  has 

been  immersed  for  72  hours  in  a  conducting  litjnid 

(salt  water,  for  instance)  held  in  a  metal  trough. 

One  terminal  of  the  testing  circuit  is  connected  to 

the  copper  wire  and  the  other  to  the  metal  trough, 

Tests  by  the  Underwriters  are  made  of  the  products  of  the 

various  manufacturers  from  time  to  time,  and  the  names  of 

those  wires  which  are  acceptable  as  complying  with  their 

standards  can  be  learned  from  them. 

39.  Entrance  Into  Building. — 

3.  There  must  he  drip  loops  in  each  wire 
immediately  outside  the  building. 

4,  Wires  must  enter  buildings  through  separate 
holes  at  least  2i  inches  apart  and  slope,  at  an  angle  of 
about  20°,  upwards  from  the  outside  so  that  rain 
cannot  gain  access  to  the  interior  by  this  path; 
when  practicable,  the  holes  must  be  bushed  with  non- 
absorptive,  non-com bu St ible  insulating  tnbes  extend- 
ing through  their  entire  length.  Where  tubing  is 
not  practicable,  the  wires  shall  be  wrapped  with  two 
layers  of  insulating  tape. 

40.  Size  and  Location  of  Holes. — The  way  to  run 
the  wires  through  the  walls  of  a  building  is  illustrated  by 
Fig.  8.  The  holes  drilled  through  the  building  for  the 
reception  of  the  tubing,  or  bushings, 
as  they  are  commonly  called,  must 
be  of  the  proper  size  to  make  a  bind- 
ing fit  so  as  to  prevent  rain  from 
entering  between  the  bushing  and  the 
wall  into  the  interior  of  the  building. 
The  size  of  the  holes  depends  on 
whether  the  drop  is  lo  he  run  inside, 
or  whether  leading-in  wire  is  to  be  ^"'- ' 

ased  for  this  purpose.  Where  the  drop  is  brought  through 
Ihe  wall,  a  «-tnch  hole  is  necessary:  where  leading-in  wire  is 
nsed,  a  i-inch  hole  is  sufficient  in  size.  The  hole  should 
always  be  drilled  from  the  inside  of  the  wall  when   it  is 
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plastered,  because  when  the  direction  is  reversed  the  plaster 
is  sure  to  be  broken  away.  One  of  the  best  places  to  pierce 
the  wall  is  at  the  bottom  of  the  window  frame,  because  the 
hole  at  the  inner  surface  of  the  wall  will  then  be  shielded  by 
the  edge  of  the  wood  and  be  hardly  perceptible. 

41.  Support  for  Wires. — 

5.  Wires  must  be  supported  on  porcelain  insula- 
tors, so  that  they  will  not  come  in  contact  with 
anything  other  than  their  designed  supports. 

6.  A  separation  between  wires  of  at  least 
2i  inches  must  be  maintained. 

In  case  of  crosses,  these  wires  may  become  a  part  of  a 
high-voltage  circuit,  so  that  care  similar  to  that  given  high- 
voltage  circuits  is  needed  in  placing  them.  Porcelain  bush- 
ings at  the  entrance  holes  are  desirable,  and  this  requirement 
is  only  waived  under  adverse  conditions,  because  the  state 
of  the  art  in  this  type  of  wiring  makes  an  absolute  require- 
ment inadvisable. 

42.  Porcelain  FIttingrs. — Fig.  9  is  a  porcelain  knob 
cleat  or  split  knob  used  for  supporting  single  wires.  It 
requires  no  tie-wire  and  is  provided  with  four  sizes  of 
grooves,  so  that  it  will  accommodate  wires  of  various  thick- 
nesses. They  are  usually  made  in  two  sizes,  the  larger  for 
wire  up  to  I  inch  in  diameter  and  the  smaller  for  wire  up  to 

I  inch  in  diameter.  Fig.  10 
shows  the  common  4-inch  porce- 
lain tube  used  where  wires  are 
run    through    joists    or    walls. 


Fig.  9  Fio.  10 

Fig.  11  shows  a  less  common  style  of  tube  for  use  where 
wires  are  brought  through  window  frames,  a  being  the  drip 
loop  on  the  outside.  Fig.  12  shows  a  two-wire  porcelain 
cleat  designed  to  support  the  wires  2i  inches  apart.  Many 
other  styles  of  knobs,  tubes,  cleats,  and  insulators  are  made, 
but  they  are  much  the  same  in  general  construction. 
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43,  Kind  of  Tnblngf. — Tubing  made  of  porcelain,  hard 
f  robber,  or  some  one  o(  the  fireproof  insulating  materials  on 

the  market,  must  be  used  in  the  holes.  In  addition  to  insu- 
lating qualities,  the  tubing  must  possess  sufficient  strength 
to  withstand  mechanical  shocks,  and  be  impervious  to 
moisture.  Porcelain  is  the  best  material  to  use  because  it  is 
stronger  than  hard  rub- 
ber, although  not  as 
good  an  insulator. 

The  tubing  should 
project  about  3  inches 
on  each  side  of  the  wait, 
and  the  ends  should  be 
reamed  out  in  order  lo  ^B___„ 
■  remove  the  sharp  edges     ^"W'  '  ' 

I  that  might  otherwise  cut  ''"'  " 

rthe  braid  on  the  wire.  Rubber  and  similar  tubing  can  be  cut 
I  with  a  knife,  but  porcelain  cannot  be  cut  or  reamed  out,  hence 
[  tubes  of  the  proper  length  must  be  selected. 

44.  The  wire  should  be  supported  by  a  split-knob  insu- 
llatorc  (see  Fig.  S).  then  bent  to  form  a  drip  loop  rf,  and 
I  rubber  tape  must  be  wound  around  the  wire  and  the  end  of 

t  tube,  as  shown  at  «,  to  prevent  rain  entering  through 
the  tube  around  the  wire. 

45.     Klort    of    wire.— 

I  Although  the  rules  call  for 

No.  18  B.  &  S.  or  larger, 

many  companies  use  No.  19 

approved     rubber-covered 

and  braided  wire  from  the 

drip  loop  to  the  protector. 

It  should   be  soldered  to  the  drop  wire;   in  fact,  all  joints 

should  be   soldered   and   taped.      Some  advise  the  use  of 

good  rubber  tape,  next  to  the  soldered  joint,  the  whole  to 

I  be  then  covered  with  good  friction  tape  to  protect  it  against 

I  injury,  the  rubber  tape  keeping  out  moisture  and  arresting 

•corrosion. 
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46.  Protector  on  Outside  of  Balldlng^. — When  the 
protecting:  device  is  placed  on  the  outside  of  the  building:, 
the  drop  wire  ends  at  the  protecting:  device  and  the  line  is 
carried  inside  by  means  of  a  so-called  leading:-in  wire.  The 
way  in  which  this  is  done  is  shown  in  Fig.  13,  in  which  a 
represents  the  drop  wire  coming:  down  the  outside  of  the 

building:,  being  supported  on  split- 
knob  insulators  and  entering:  the 
iron  box  b  containing:  the  pro- 
tecting: device.  The  g:round  wire  g 
should  be  supported  on  split-knob 
insulators  and  run  as  direct  as 
possible  to  a  good  ground  outside 
the  building.  When  it  is  necessary 
to  run  the  ground  wire  inside  in 
order  to  obtain  a  good  ground,  the 
entrance  must  be  made  through  a 
separate  hole  bushed  and  taped  in  the  manner  already 
described.  The  two  leading-in  wires  are  brought  to  the 
entrance  point  on  split-knob  insulators,  pushed  through  the 
bushings,  drip  loops  ^,  /  are  formed,  and  the  wires  taped  at 
their  entrance  to  the  bushings. 

47.  Ground  Wire. — 

e.  The  ground  wire  of  the  protective  device  shall 
be  run  in  accordance  with  the  following  requirements: 

1.  Shall  be  of  copper,  and  not  smaller  than  No. 
18  B.  &  S.  gauge. 

2.  Must  have  an  approved  rubber  insulating  cov- 
ering.    (See  Art.  38.) 

3.  Must  run  in  as  straight  a  line  as  possible  to  a 
good,  permanent  ground,  to  be  made  by  connecting 
to  water  or  gas  pipe,  preferably  water  pipe.  If  gas 
pipe  is  used,  the  connection,  in  all  cases,  must  be 
made  between  the  meter  and  service  pipes.  In 
the  absence  of  other  good  ground,  connection  must 
be  made  to  a. metallic  plate  or  bunch  of  wires  buried 
in  permanently  moist  earth. 

In  attachinj^  a  ground  wire  to  a  pipe,  it  is  often  difficult 
to  make  a  thoroughly  reliable  solder  joint.  It  is  better, 
therefore,  where  possible,  to  carefully  solder  the  wire  to  a 
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brass  plug,  which  may  then  be  firmly  screwed  into  a  pipe 
filling.  Where  such  joints  are  made  underground  they 
should  he  Ihuraughly  pa[ated  aad  taped  In  prevent  corro- 

Complete  direclioiis  have  already  been  given  for  making 
ground  connections. 

Triple  conductor  wires  should  not  be  used  when  the  third 
wire  is  a  grotind  from  the  lightning  arrester.  This  ground 
wire  should  be  run  separately,  insulated  from  other  wires, 
pipes,  chandeliers,  etc.,  and  not  put  under  metallic  cleats  or 
staples  with  the  other  conductors.  Some  companies  use 
No.  16  B.  &  S.  rubber-covered  and  braided  wire,  and  will  not 
allow  the  use  of  metal  tacks  or  staples  for  any  part  of  the 
wiriDg. 

48.     Protector.  — 

/.  The  protector  to  be  approved  must  comply 
with  the  following  requirements: 

1.  Must  be  mounted  on  non-combustible,  non- 
absorptive  insulating  bases  (such  as  porcelain,  for 
example),  so  designed  that,  when  the  protector  is  in 
place,  all  parts  which  may  be  alive  will  be  thor- 
oughly insulated  from  the  wall  to  which  the  pro- 
tector is  attached. 

2.  Must  have  the  following  parts: 

A  lightning  arrester  which  will  operate  with  a 
diSerence  of  potential  between  wires  of  not  over 
500  volts,  and  so  arranged  that  the  chance  of  acci- 
dental grounding  is  reduced  to  a  minimum. 

A  fuse  designed  to  open  the  circuit  in  case  the 
wires  become  crossed  with  light  or  power  circuits. 
The  fuse  must  be  able  to  open  the  circuit  without 
arcing  or  serious  flashing  when  crossed  with  any 
ordinary  commercial  light  or  power  circuit. 

A  heat  coil,  if  the  sensitiveness  of  the  instrument 
demands  it,  which  will  operate  before  a  sneak  ctu'- 
reni  can  damage  the  instrument. 

Heat  coils  are  necessary  '^  all  circtiits  normally  closed 
through  magnet  windings,  which  cannot  indefinitely  carry  a 
current  of  at  least  5  amperes.  The  heat  coil  is  designed  to 
warm  up  and  mell  out  with  a  current  larfie  enough  to 
eodanger  the  instruments  if  continued  for  a  long  time,  but 
Eo  small  that  it  would  not  blow  the  fuses  ordinarily  found 
necessary  for  such  instrumeats. 
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3.  The  fuses  must  be  so  placed  as  to  protect  the 
arrester  and  heat  coils,  and  the  protector  terminals 
must  be  plainly  marked  '*line,'*  ** instrument,** 
*'grouud." 

If  the  protectors  are  arranged  for  soldered  connections,  the 
connections  should  be  soldered  by  all  means,  and  the  pro- 
tector should  not  be  left  without  making  sure  that  all  the  con- 
nections are  tight,  all  parts  properly  adjusted,  carbons  clean, 
and  the  mica  properly  inserted  in  place. 


WIRING    ON    TELEPHONE    SIDE    OF    PROTECTOR 

49.  Insulation  of  Wires. — 

g.  Wires  on  the  telephone  side  of  the  protector, 
except  where  bunched,  must  be  neatly  arranged 
and  securely  fastened  in  place  in  some  convenient, 
workmanlike  manner.  They  must  not  come  nearer 
than  6  inches  to  any  electric  light  or  power  wire  in 
the  building  unless  incased  in  approved  tubing  so 
secured  as  to  prevent  its  slipping  out  of  place.  The 
tubing  may  be  retained  in  place  by  taping  both  ends. 

The  wires  would  ordinarily  be  insulated,  but  the  kind  of 
insulation  is  not  specified,  as  the  protector  is  relied  on  to 
stop  all  dangerous  currents.  Porcelain  tubing  or  approved 
flexible  tubing  (such  as  alphaduct,  circular  loom,  flezduct, 
or  eureka)  may  be  used  for  incasing  wires  where  required 
as  above. 

The  National  Board  of  Underwriters  regard  all  telephone 
wires  leading  up  to  the  protector  as  subject  to  the  rules  for 
wires  carrying  currents  at  a  potential  of  600  volts;  therefore, 
the  best  place  for  the  location  of  the  protector  is  just  before 
or  immediately  after  entering  a  building.  The  wires  from 
the  protector  to  the  telephone  instruments  can  then  be  han- 
dled in  a  much  less  expensive  manner,  affording  opportunity 
for  better  appearance  in  the  finished  work. 

50.  The  kind  of  wire  to  be  used  on  the  telephone  side 
of  the  protector  depends  on  the  nature  of  the  work.  A 
better  grade  of  insulation  must  be  used  in  damp  places  or 
places  where  it  is  liable  to  be  damp,  than  in  places  that  are 
always  dry.  A  wire  extensively  used  for  dry  places  is  No.  19 
B.  &  S.  rubber-covered  and  braided  wire  twisted  in  pairs. 


» 
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Several  colors  are  used  in  makiDg  the  braid  in  order  to 
match  the  various  trims  (ioterior  woodwork)  that  are  used 
hy  builders,  such  as  oak,  cherry,  mahogany,  etc.  White  braid 
is  also  used  where  the  run  is  to  be  made  along  ceilings.  The 
iosulatiou  of  this  wire  is  not  sufficiently  thick  to  withstand 
moisture,  so  that  this  wire  should  never  be  run  outside  of 
the  building. 

Probably  the  best  wire  for  moisture-proof  work  is  a  rubber- 
covered  wire,  two  such  insulated  wires  being  twisted  together 
spirally  and  further  protected  by  one  covering  of  lead.  This 
wire  is  used  extensively  by  the  larger  companies  and  can  be 
drawn  into  ducts  and  manholes  when  necessary,  or  even  laid 
in  water.  Where  dampness  is  encountered  in  a  building  or 
where  appearance  is  not  a  prime  requisite,  a  rubber-covered 
wire  with  a  saturated  waterproof  braid  should  be  used,  as 
the  plain  braid  will,  in  time,  develop  low  insulation  and  if 
exposed  to  the  weather  will  crack.  For  most  work,  oak- 
colored  braid,  with  red  marker  thread  on  one  conductor,  is 
the  best,  since  in  exposed  places  it  is  not  so  conspicuous 
as  darker  colors. 

The  use  of  wire  with  jute  or  other  absorbent  material  in 
the  covering  should  always  be  avoided  for  damp  places. 
For  dry  places,  a  cheaper  wire  can  be  used,  though  there 
is  no  investment  that  pays  the  telephone  company  belter 
than  a  good  wire  well  put  up. 

51*  Open  or  Concealed  Wlrlnfj. — There  is  some 
difference  of  opinion  as   to  which   is  better,  concealed  or 

I  open  work.  While  open  work  does  not  look  as  well,  and 
is  more  apt  to  be  tampered  with  than  concealed  work,  it  is, 
nevertheless,  more  easy  of  access.  Some  contend  that  con- 
cealed wiring,  when  properly  done,  is  the  safest,  neatest, 
and  best;  and  although  the  amount  of  labor  may  sometimes 
be  greater  than  for  exposed  work,  nevertheless  Ihey  claim 
that  the  expense  is  justifiable  and  a  distinct  economy,  unless 
the  surroundings  are  very  crude.  Generally  speaking, 
exposed  wiring  re(|uires  better  material  than  concealed 
vork.  and  the  latter,  when  well  done,  is  permanent  and 
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protected  from  meddling  and  trouble.  A  skilful  wireman 
will  make  but  little,  if  any,  more  work  out  of  a  concealed 
job  than  an  exposed  one,  except  in  unusual  cases  where 
brick  and  stone  walls  are  encountered. 

The  tendency  at  the  present  time  is  toward  concealed 
work,  and  in  the  most  modern  buildings,  especially  office 
buildings,  the  surfaces  are  constructed  so  as  to  leave  an 
open  space  between  the  outside  finished  surface  and  the 
wall.  Then  at  stated  intervals  there  are  removable  panels 
to  give  access  to  the  interior. 

Some  prefer  the  wiring  placed  in  the  attic  as  far  as  practi- 
cable, with  the  wiring  concealed,  on  the  ground  that  it 
removes  the  danger  of  being  cut  by  burglars  and  that  the 
appearance  is  much  better. 

52.  Support  for  Wires. — The  manner  of  supporting^ 
wires  on  the  telephone  side  of  the  protector  varies  greatly 
and  should  be  governed  by  conditions.*  For  buildings  of 
mill  construction,  small  wooden  cleats,  preferably  treated 
previously  in  some  insulating  compound,  are  extensively 
used.  Some  recommend  porcelain  knobs  or  porcelain  cleats, 
especially  for  damp  places.  Saddle  staples,  or  saddle  tacks, 
as  they  are  also  called,  which  are  metal  staples  having  a  piece 
of  insulating  material  under  the  bend,  are  used  in  dry  places 
for  doing  neat  work  when  moldings  are  not  permissible. 

The  practice  of  running  wires  under  floors  or  on  ceilings 
to  reach  portable  telephones  should  be  restricted,  for  such 
work  usually  involves  a  high  maintenance  expense  and 
creates  dissatisfaction  to  subscribers,  due  to  frequent  dis- 
order. Wherever  the  wires  are  run  through  floors,  joists, 
brick  or  stone  walls,  or  partitions,  use  either  porcelain 
tubing  or  some  kind  of  conduit;  circular  loom  conduit  may 
be  used  if  the  partition  is  dry,  and  in  this  case  both  wires 
may  be  run  through  the  same  tube. 

53.  From  the  point  where  the  wires  enter  a  building,  the 
wires  should  be  run  on  insulators  along  the  cellar  beams  to 
the  point  where  the  ascent  is  to  be  made.  This  point  should 
be  so  selected  as  to  bring  the  wire  up  along  the  walls  or 
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psrdlioQs.  The  proximity  to  hot-  and  cold-water  pipes,  steam 
pipes,  and  chimney  flues  should  be  avoided,  as  in  such  places 
the  wires  will  soon  be  ruined  by  moisture  or  heat. 

When  the  floor  on  which  the  telephone  is  to  be  placed  has 
been  reached,  the  wire  is  lead  to  the  instrument  by  the 
shortest  possible  route  consistent  with  appearances.  A  good 
route,  for  example,  is  along  the  surbase,  or  wainscoting, 
behind  the  picture  rail  or  plaster  molding  at  the  junction  of 
wall  and  ceiling.  When  the  picture  rail  or  molding  is  fol- 
lowed, the  run  up  from  the  floor  must  be  made  along  the  side 
of  the  door  jamb  or  in  a  similarly  concealed  place. 

When  the  wire  is  to  be  attached  to  the  trim  or  molding, 
the  color  of  the  braiding  must  match  that  of  the  woodwork, 
and  double-pointed  tacks  must  be  used  in  securing  it. 
These  tacks  are  driven  at  intervals  of  about  24  inches,  and 
always  over  one  conductor  only  of  the  twisted  pair.  One 
lack  should  never  be  placed  over  both  conductors,  as  this 
ictice  is  sure  to  result  in  short  circuits. 


54.  Office  buildings  in  large  cities  are  usually  wired  with 
bouse  cables  which  have  one  terminal  in  a  cable  box  placed 
beside  the  terminal  of  the  underground  cable  in  the  cellar. 
and  one  terminal  on  each  of  the  floors,  so  that  the  house 
wire  need  only  be  run  from  the  proper  house-cable  terminal 
to  the  telephone  on  the  same  floor.  In  buildings  where 
there  are  no  house  cables,  however,  the  house  wire  must  be 
nm  from  the  underground  terminal  in  the  cellar  to  the  tele- 
phone. Some  buildings  are  equipped  with  flues  for  this 
purpose,  while  in  others,  wanting  this  provision,  there  may 
be  elevator  shafts  that  should  then  be  used.  In  running  ihe 
wire  ibrongh  the  flues  above  referred  to.  the  start  should 
be  made  at  the  floor  on  which  the  subscriber's  telephone  is 
to  be  placed,  and  having  brought  the  coil  to  the  opening,  a 
suitable  weight  is  attached  securely  to  the  free  end.  which  is 
then  passed  into  the  flue,  and  lowered  by  unwinding  the  coil, 
thus  allowing  the  weighted  end  to  descend.  An  assistant 
stands  in  the  cellar,  grasps  the  end  of  the  wire  as  it  emerges, 
pulls  through  enough  wire  to  reach  the  underground 
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terminal.  The  cellar  run  is  then  properly  made,  and  if  any 
slack  then  remains  it  is  pulled  back  up  the  flue.  The  wire  is 
then  properly  run  to  the  telephone  and  the  connection  made. 
By  this  means  if  the  coil  is  of  sufficient  leng^th,  the  run  is 
made  without  any  splices.  When  splices  are  necessary,  how- 
ever, one  of  the  conductors  should  be  cut  a  little  longer — 
about  2  inches — than  the  other,  so  that  the  joints  in  the  two 
conductors  will  not  be  opposite  each  other.  Thus,  should 
the  tape  become  unwound  from  any  cause,  a  short 
circuit  will  not  result.  A  standard  Western  Union, 
or  American,  splice  should  be  made  and  soldered, 
and  each  conductor  wrapped  separately  with  fric- 
tion tape,  and  then  a  layer  of  the  same  tape  is 
wound  over  both  wires  and  joints. 

55.  wiring:  In  Elevator  Sliaft. — When  the 
wire  is  to  be  run  down  the  elevator  shaft  it  can 
be  done  in  two  ways,  the  selection  of  which  will 
depend  on  the  conditions  to  be  met  with.  If  the 
shaft  is  roomy  and  free  from  obstructions  and  the 
top  is  accessible,  the  best  plan  is  to  drop  the  free 
end  of  the  wire  down  in  the  manner  already 
described  for  flues  from  the  proper  floor  until  it 
reaches  the  cellar.  The  installer  then  completes 
his  run  in  the  cellar  as  before,  and  the  slack  is 
pulled  back  through  the  shaft.  Where  the  room 
in  the  shaft  is  restricted,  the  best  plan  is  to  secure 
permission  from  the  janitor  or  building  superin- 
tendent to  ride  down  on  top  of  one  of  the  cars. 
The  wire  is  carried  down  in  this  manner;  the  trip 
being  made  slowly  so  that  the  wire  may  be  fastened  securely 
to  the  side  of  the  shaft  as  it  is  brought  down.  This  fasten- 
ing can  be  done  by  surrounding  it  with  a  piece  of  leather, 
the  two  ends  of  which  are  secured  to  the  wall  by  screws  or 
nails.  If  there  is  in  the  shaft  a  pipe  other  than  steam  or 
water,  a  very  good  fastening  can  be  obtained,  as  shown  in 
Fig.  14,  by  twisting  a  piece  of  wire  about  the  line  b  and  the 
pipe  a,  and  finally  twisting  together  the  ends  r.     All  wires 
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should  be  protected  ag^ainst  fire-doors  and  ladders  and  should 
be  attached  to  permit  of  no  abrasion. 

56.  Wiring  for  Extension  Telephones. — In  branch- 
ing oft  from  main  lines  for  extension  telephones  and  party 
lines,  these  connections  offer  a  constant  source  of  trouble. 
The  splices  must  be  opened  frequently  in  testing  for  crosses 
and  grounds  by  repairmen  who  often  do  temporary  work, 
intending  to  go  back  and  make  them  permanent  after  they 
have  found  the  trouble,  but  who  fail  to  do  so.  Sooner  or 
later  the  lines  are  all  cut  up  and  rewiring  becomes  necessary. 
A  plan  that  would  mitigate  this  trouble  would  be  to  use  test 
blocks  at  the  junction  points,  but  this  still  admits  a  cause  for 
trouble  from  loose  contacts,  whether  screw  or  soldered  con- 
nections are  made.  Good  soldering  requires  some  degree  of 
skill,  which  is  not  possessed  by  every  repairman. 

57.  Wires  Bunched  or  Laid  in  Same  Ducts. — 

A.  Wires  connected  with  outside  circuits,  where 
btmched  together  within  any  building,  or  inside 
wires  where  laid  in  conduits  or  ducts  with  electric 
light  or  power  wires,  must  have  fire-resisting  cover- 
ings, or  else  must  be  enclosed  in  an  air-tight  tube 
or  duct. 

It  is  feared  that  if  a  burnable  insulation  were  used  a 
chance  spark  might  ignite  it  and  cause  a  serious  fire,  for 
many  installations  contain  a  large  amount  of  very  readily 
burnable  matter. 


It 
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CAUSES  OF  NOISES  IN  TELEPHONE  CIRCUITS 

1.  The  strange  noises  frequently  heard  in  instruments 
tonnected  with  gronnded  telephone  lines  of  considerable 
length  may  be  due  to  one  or  more  of  several  causes:     The 

budden  shifting  of  the  earth's  magnetic  field  may  induce 
Rurrents  in  the  line  that  will  cause  sounds  in  the  receiver; 
earth  currents,  due  to  differences  in  potential  between  the 
ground  plates  at  the  end  of  the  line,  may  also  pass  through 
the  telephone  instruments,  producing  the  same  result;  there 
may  be  leakage  from  other  lines;  a  neighboring  wire  carry- 
ing fluctuating  currents  may  have  set  up  about  itself  a  vary- 
■  ing  magnetic  field  of  force,  which  field  may  embrace  the 
telephone  line  under  consideration  and  cause,  by  its  fluctua- 
tions, corresponding  alternating  currents  to  flow  in  the  tele- 
phone line;  and  there  may  be  a  condenser  action  between  the 
telephone  wire  and  the  neighboring  wire  by  which  the  latter 
may  induce  fluctuating  electrostatic  charges  on  the  former, 
which  charges,  in  trying  to  flow  to  the  ground,  will  produce 
rrenls  capable  of  affecting  the  receivers. 

2.  Noises  From  Natural  Phenomena. — The  noises 
pue  to  natural  phenomena,  such  as  changes  in  the  earth's 

Magnetic  field,  or  earth  currents,  are  greatly  increased 
l^oring  magnetic  storms  or  auroral  displays.  These  noises. 
■rhich  are  said  by  some  to  increase  with  the  appearance  of 

'MrrixliUd  tr  iHtirnelitHal  TriiiOBt  Cam^nr     Enlirtd  al  SlalHittri'  Hall,  Limdn 
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sunspots,  may  be  of  widely  different  character;  sometimes 
they  resemble  the  boiling  or  bubbling  of  water,  sometimes 
the  hissing  of  steam,  and  sometimes  the  twittering  of  birds. 
They  are  frequently  so  loud  and  persistent  as  to  render  con- 
versation impossible.  These  noises  occur  on  long  grounded 
lines,  and  particularly  on  those  running  north  and  south. 

3.  Noises  Due  to  Leakasre. — If  the  insulation  between 
a  telephone  line  and  a  neighboring  line  is  very  poor,  a  part 
of  the  current  from  the  neighboring  line  is  likely  to  pass,  by 
leakage,  to  the  telephone  line  and  produce  noises  in  the 
instruments  thereon.  This  is  especially  true  where  both  the 
telephone  line  and  the  other  line  form  parts  of  grounded  sys- 
tems. Electric  railways  afford  the  greatest  source  of  trouble 
in  this  respect,  as  they  nearly  all  operate  on  grounded  cir- 
cuits and  carry  very  heavy  currents.  The  potential  of  the 
earth  for  considerable  areas  is  frequently  raised  above  the 
normal,  due  to  the  grounding  of  railway  circuits,  and  in  such 
districts  the  use  of  grounded  telephone  lines  is  well-nigh 
impossible.  The  current,  after  passing  through  the  car  to 
earth  from  the  trolley  line,  seeks  the  most  direct  path  back 
to  the  power  station,  and  part  of  it  usually  passes  up  through 
the  ground  wire  at  one  end  of  a  telephone  line,  through  the 
telephone  instruments,  and  to  ground  at  the  other  end,  if  the 
two  ends  of  the  line  are  at  different  potentials.  These  cur- 
rents vary  in  strength  according  to  the  position  of  the  car 
or  cars  on  the  line,  and  are  a  great  annoyance.  They  can 
be  distinguished  from  the  currents  caused  by  the  natural 
phenomena  by  the  fact  that  the  buzz  of  the  motors'  on  the 
street  cars  can  be  readily  distinguished.  The  commutation 
of  the  current  on  the  street-car  motors  produces  fluctuations 
in  the  current,  thus  causing  a  tone  in  the  receiver  that  is  high 
or  low  according  to  whether  the  car  is  running  fast  or  slow\ 

4.  KlectroniapTictic  Induct  I  on. — About  every  wire 
carrying  current,  there  exists  a  magnetic  field  or  whirl;  and 
if  the  strength  of  the  current  flowing  in  a  wire  is  varying, 
this  field  of  force  will  contract  or  expand  according  to 
whether  the  current  strength  is  decreasing  or  increasing. 
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If  a  telephone  wire  lies  close  enough  to  a  wire  carrying  such 
a  ciurent  to  be  within  its  field  of  force,  it  will  be  cut  by  the 
magnetic  lines  of  force  as  they  contract  or  expand;  and  this, 
by  the  well-known  laws  of  electromagnetic  induction,  will 
set  up  electromotive  forces  in  the  telephone  wire  that,  in 
turn,  will  cause  currents  to  flow  through  it  and  the  receivers 
connected  with  it. 

This  principle  is  illustrated  in  Fig,  1 ,  in  which  A  S  is  the 
disturbing  wire  carrying,  we  will  say,  an  alternating  current, 
and  CD  a  grounded  telephone  line  running  parallel  with  A  B 
and  having  two  receivers  ff,  Ji'  connected  in  its  circuit.  If 
at  any  moment  the  current  in  the  wire  .-!  J3  is  flowing  as 
indicated  by  the  arrow,  that  is,  from  B  to  A,  and  is  increas- 
iaE>  »  magnetic  whirl  will  be  set  up  about  it  in  the  direction 
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indicated  by  the  curved  arrows.     This  whirl  will  be  expand- 
ing while  the  current  is  increasing,  and  in  so  doing,  more 
I  and  more  lines  will  cut  the  wire  CD.     This  will  induce  in 
,  the  telephone  line  a  current  flowing  in  the  opposite  direction 
to  that  in  the  disturbing  wire,  that  is,  from  .•/  to  B,  as  shown 
by  the  lower  arrow.     When  the  current  in  the  disturbing  wire 
logins  to  decrease,  the  Sines  of  force  about  it  will  contract, 
thus  inducing  in  the  telephone  line  a  current  in  the  same 
I  direction  as  that  in  the  disturbing  wire.     In  general,  it  may 
be   said  that,  while  the  current   in   the  disturbing  wire   is 
I  increasing,  the  induced  current  in  the  telephone  wire  will  be 
I  in  the  opposite  direction;  but  when  the  current  in  the  dis- 
I  Inrbing  wire  is  decreasing,  the  induced  current  in  the  tele- 
I  phone  wire  will  be  in  the  same  direction. 

G.    Electrostatic    Induction. — Another     and     more 
^important  kind  of  induction  between  neighboring  wires  is 
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due  to  the  electrostatic  action  between  them.  This  may 
best  be  explained  by  reference  to  Fig.  2,  in  which  AB  is 
the  disturbing  wire  and  CD  a  telephone  wire  having  two 
receivers  R.R*  ^  as  before.  If  the  disturbing  wire  is  car- 
rying alternating  currents,  it  will  receive  alternate,  positive, 
and  negative  charges.  Assume  that,  at  a  certain  time,  the 
charge  on  a  disturbing  wire  is  positive,  as  indicated  in 
Fig.  2.  This  positive  charge  will  call  forth  two  charges  on 
the  telephone  line,  one  of  which  being  negative  will  be  held 
by  the  positive  charge  on  the  disturbing  wire,  while  the 
other  being  positive  will  be  repelled  and  will  pass  to 
ground.  In  order  to  pass  to  ground,  it  must  pass  through 
the  receiving  instruments  at  each  end  and  will  therefore  pro- 
duce sounds  in  them.     The  direction  of  the  current  at  this 

4 Disturbing    Wirt B 
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instant  is  indicated  by  the  arrows  at  C,  D,  If  the  positive 
charge  on  the  disturbing  wire  gradually  increases  from  zero 
to  a  maximum,  the  negative  charge  on  a  telephone  wire  will 
gradually  increase,  thus  allowing  more  and  more  of  tlie 
positive  charge  to  flow  to  ground.  When  the  positive 
charge  on  the  disturbing  wire  begins  to  decrease,  the  nega- 
tive charge  on  the  telephone  wire  will  also  decrease,  and 
therefore  positive  electricity  from  the  ground  will  flow  up 
through  the  receivers  to  neutralize  it.  As  the  charge  on  the 
disturbing  wire  changes  from  plus  to  minus,  the  bound 
charge  on  the  telephone  wire  will  cfiange  from  minus  to 
plus,  and  the  action  just  described  will  be  reversed. 

6.  Where  the  disturbing  wire  is  a  portion  of  a  circuit  car- 
rying current  for  lighting  or  power  purposes,  the  induced 
current,  whether  electromagnetic  or  electrostatic,  or  both, 
produces  a  hum  corresponding  in  pitch  to  the  number  of 
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ictnations  per  second  in  the  current  flowing  in  the  circuit. 

'he  tone  produced  is  not  unlike  that  of  an  alternaling-cur- 

nt    transformer,  and  may  be  readily  distinguished   from 

ly  other  line  disturbances.     Alternating-current  circuits,  of 

lurse,  produce  far  greater  inductive  effects  than  direct-cur- 

ini  circuits,  but  even  the  latter  cause  much  trouble,  owing 

the  fact  ihat  the  commutation  of  the  direct  currents  is  never 

ach  as  to  produce  a  perfectly  smooth  current.     Sometimes 

disturbing  wire  is  a  telegraph  wire,  and  induction  from 

source  may  be  readily  distinguished,  due  to  the  fact  that 

le  telegraph  signals  are  repeated  in  the  telephone  receivers. 

7.     Ulnlniuni  Disturbing  Current. — Experiments  that 

lave  been  made  to  determine  the  permissible  current  in  a 

ilepfaone  receiver  at  commercial  frequencies  that  will  not 

iterfere  with  telephonic  transmission  show  that  a  current 

if  approximately  ,000005  ampere  is  permissible.     This  will 

ry  slightly  with  the  frequency  of  the  disturbing  current,  its 

ve  form,  and  the  sensitiveness  of  the  receiver  employed. 

however,    this  is  a  safe  value  in  general  practice.     It  is 

ibvious  that  receivers  of  low  sensitiveness  and  transmitters 

if  maximum  power  will  give  the  most  satisfactory  service 

'here  there  is  trouble  from  induction. 


CROBB-TAIjK 

8.  Induction  may  take  place  between  two  or  more 
Ijaceut  telephone  Hues  to  such  a  great  extent  that  a  con- 
!rsation  carried  on  over  one  line  may  be  heard  on  the 
■hers,  even  though  the  lines  are  entirely  and  perfectly  insu- 
lted from  each  other.  This  phenomenon  of  overhearing 
mversation  on  a  circuit  other  than  that  over  which  it  is 
iginatly  conducted  is  called  cross-talk.  It  produces 
luch  confusion  when  one  or  more  subscribers  are  talking 
1  the  same  time,  and  its  elimination  is  a  very  important 
■oblem  in  practical  telephony. 

It  was  believed  by  some  that  cross-talk  was  due  entirely 
electromagnetic  induction.  Mr.  John  J.  Carty,  however, 
mdncted  a  series  of  experiments  that  proved  conclusively 
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that  it  is  almost  entirely  attributable  to  electrostatic  induction 
— to  so  great  an  extent,  in  fact,  that  electromagfnetic  induc- 
tion may,  on  ordinary  telephone  circuits,  be  entirely  neg- 
lected. As  the  experiments  by  which  he  demonstrated  this 
are  very  interesting,  several  of  them  will  be  considered. 

9.  Carty's  Experiments  on  Cross-Talk. — In  Fig.  3, 
A  B  is  the  disturbing  wire  and  CD  the  wire  on  which 
the  inductive  action  is  to  be  studied.  These  two  wires 
are  each  200  feet  long  and  i  inch  apart,  and  well  insulated 
from  each  other.  The  line  ^  ^  is  open  at  one  end,  the  other 
end  being  grounded  through  the  secondary  winding  of  an 
induction  coil.     The  primary  winding  is  connected  in  circuit 
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with  a  transmitter  and  a  battery,  and  in  front  of  the  trans- 
mitter is  mounted  a  tuning  fork,  which  by  its  continuous 
vibration  causes  the  transmitter  to  produce  in  the  primary 
current  undulations  which  in  their  turn  impress  an  alternating 
electromotive  force  on  the  line  wire  /I  B,  Inasmuch  as  the 
wire  AB  is  open  at  one  end,  the  conditions  are  more  favorable 
for  electrostatic  action  than  for  electromagnetic,  because  the 
only  current  that  can  actually  flow  in  the  line  .^^  is  that 
required  to  charge  it  to  the  potential  of  the  impressed 
electromotive  force.  If  at  the  moment  considered  a  positive 
charge  is  formed  on  the  disturbing  wire,  a  negative  charge 
will  be  held  on  the  line  CD,  as  already  described.  As  the 
charge  on  A  B  changes  to  negative,  the  negative  charge  on 
CD  is  released  and  is  replaced  by  a  positive  charge.  These 
charges  on  the  wire  CD  will  pass  to  ground  through  the 
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path  of  least  resistance,   that    is,   from   the   center   to  the 

EToond  connection  at  each  end  of  the  line.  '  This  means  that 

at  any  instant  the  current  flowing  in  the  line  CD  will  be 

either  toward  or  £rom  its  center  point;  and  if  a  receiver  R' 

is  placed  in  the  line  at  that  point,  there  should  be  no  sound 

in  it,  while  Ihe  receivers  R  and  R"  will  each  be  actuated  by 

the  currents  passing  through  them  to  or  from  the  ground. 

This  Mr,  Carty  found  to  be  the  case.     He  also  reasoned  that, 

j' f  the  currents  in  the  line  CD  were  always  flowing  to  or 

[Iroin  its  center  point,  it  should  produce  no  effect  on  them 

r  if  the  line  were  opened  at  that  point.     An  experiment  proved 

this   supposition   to   be   true.     By  grounding   the  point  A 

of  the  line  AB  through  a  considerable  resistance,  he  found 

that  the  same  results  held  true:  and  that,  although  a  complete 

circuit  was  afforded  for  the  allcrnaling  currents  generated  in 

the  secondary  coll  in  the  line  -7  H,  the  induction  was  still  elec- 

\  trostalic.     If  electromagnetic  induction  had  been  present  to 

t  any  considerable  extent,  noises  would  have  been  heard  in  all 

r  three  of  the  receivers,  for  at  any  instant  the  current  would 

;  same  direction  through  all  three  of  them.     More- 

I  over,  opening  the  wire  CD  at  its  center  point  would  preclude 

■  the  flow  of  current  through  Ihe  wire  from  one  end  to  the  other. 

Land  therefore  render  electromagnetic  induction  impossible. 


10.  As  another  experiment,  Mr.  Carty  arranged  the  cir- 
I  Cijits  as  shown  in  Fig.  4.  In  this,  a  key  A*  was  provided,  by 
Kmeans  of  which  the  receiver  R  at  one  end  of  the  line  could 

■  be  short -circuited.  With  this  key  open,  the  usual  tones,  due 
Ito  Ihe  induced  current,  were  heard  in  both  receivers.  With 
lithe  key  closed,  it  was  found  that  the  noise  in  each  of  the 
■receivers  ceased.  This  proved  conclusively  that  the  induc- 
F^on  was  electrostatic,  for  the  key,  when  closed,  provided  a 

short  circuit  through  which  all  the  charges  could  pass  to 
gronnd.  The  current  would  not  pass  through  R  because  the 
key  short-circuited  it,  nor  through  R'  because  the  wire  and 

■  short  circuit  around  R  offered  a  path  to  earth  of  much  less 
»  resistance    ihan   that   of  the   receiver   R'.     If   the   induced 

electromotive    force   had   been   caused   by  electromagnetic 
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instead  of  electrostatic  induction,  the  noises  in  the  receiver  R* 
would  have  increased,  for  the  resistance  through  which  the 
current  induced  in  the  wire  A  B  had  to  flow  would  have  been 
diminished,  rendering  the  current  correspondingly  greater. 

Mr.  A.  E.  Kennelly  afterwards  mathematically  proved  that 
the  electrostatic  induction  on  such  a  circuit  would  be  about 
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twenty  times  as  great  as  the  electromagnetic,  which  bears 
out  well  the  results  of  Mr.  Carty's  experiments. 

11.  Overcoming:  Cross-Talk. — The  obliteration  of 
cross-talk  was  at  one  time  the  chief  problem  to  be  solved  in 
commercial  telephony,  but  it  has  been  successfully  and  com- 
pletely solved  by  the  use  of  properly  designed  metallic  cir- 
cuits instead  of  grounded  lines.  When  a  complete  metallic 
circuit  is  used,  no  cross-talk  or  other  induction  is  developed 
if  the  disturbing  wire  is  at  equal  distances  from  each  tele- 
phone wire.  This  is  explained  by  the  aid  of  Fig.  5,  where 
the  two  halves  of  a  complete  metallic  circuit  are  shown  at 
a  and  a\  r  and  r'  representing  the  coils  of  telephone  instru- 
ments placed  at  opposite  ends  of  the  circuit,  and  cd  repre- 
senting a  disturbing  wire  placed  in  such  a  position  that  all 
its  points  will  be  at  the  same  distance  from  a  that  they 
are  from  a'.  If  alternating  charges  are  produced  on  cd, 
either  by  a  telephone  or  by  any  other  source,  alternating 
charges  with  opposite  signs  to  these  will  be  produced  on 
a  and  a!.     When  a  negative  charge  is  produced  on  cd^  ^ 
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^sJtive  charge  is  produced  on  the  sides  of  the  wires  a,  a' 
at  are  nearest  to  ec/,  while  on  the  other  sides,  negative 
charges  are  produced.  As  the  metallic  circuit  is  not  grounded, 
Ihis  negative  charge  cannot  flow  to  earth,  and  therefore  flows 
as  far  as  possible  from  the  negative  charge  on  ihe  wire  cd, 

Ihich  is  at  the  opposite  side  of  the  wires  a,  a',  as  shown., 
s  the  charge  on  cd  reaches  zero,  a  current  will  flow  across 
ich  wire,  but  not  lengthwise,  for  the  potential  is  exactly 
ilaoced  on  each  wire  a,  a'.  The  charges  of  opposite  sigfo 
r''^^-^^-^  ;  J  ;  ;  . 
>       «_ - .-  .         ^ - - - —d      < 

1»*  +  *-ft-f  +  ■»♦-»■»  tl 

Fio  5 
Simply  come  together  and  neutralize  each  other  across  the 
wires.  There  is  no  tendency  for  the  free  negative  charge 
on  a  to  flow  away,  as  in  the  case  of  the  grounded  wire, 
because  there  is  an  equal  free  negative  charge  everywhere  on 
the  circuit.  If,  however,  the  wire  cdis  nearer  a  than  a',  the 
free  negative  charge  on  a  will  be  greater  than  that  on  a',  and 
some  current  will  flow.  In  this  case,  the  line  is  said  to 
be  out  of  balance,  and   some   cross-talk   or  induction  will 

I  take  place.  The  arrangement  of  circuits  shown  in  Fig.  5  is 
BO  ideal  one  that  can  seldom  be  attained  in  practice. 
112.  Fig.  6  shows  a  case  where  both  wires  of  a  telephone 
Krcuit  are  on  the  same  side  of  the  disturbing  wire  CD. 
Whe  wire  A B  '\s  quite  close  to  CD,  but  the  wire  EFH  so 
puch  farther  off  that  it  is  practically  beyond  the  variable  field 
produced  by  CD.  When  CD  is  charged  negatively,  A  B  will 
be  charged  positively,  the  free  negative  charge  in  the  tele- 
phone circuit  flowing  as  far  off  as  it  can,  that  is,  into  the 
wire  EF.  In  doing  so,  all  the  charges  on  the  wire  A  B  to 
the  right  and  left  of  the  receiver  R,.  which  is  at  the  middle 
of  the  resistance  of  the  wire  A  B,  will  flow  throngh  the  end 
receivers  R^  and  Ji,  respectively,  to  the  receiver  R,;  that  is, 
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the  charge  divides  at  Rx  and  flows  to  the  right  and  to  the 
left  from  that  point. 

When  the  charge  on  CD  becomes  zero,  this  action  is 
reversed  and  the  positive  charge  onAB  divides  at  -^i,  flowing 
back   through  the  two   end   receivers   R^  R,  to   meet    and 
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neutralize  the  negative  charge  on  EF^  as  shown  by  the 
arrows.  Thus,  no  charge  in  either  case  flows  through  the 
receivers  R^  ^3,  but  half  the  total  charge  in  both  cases  does 
flow  through  each  end  receiver  R,  R^,  Consequently,  sound 
is  produced  in  both  R  and  ^„  but  none  in  Ri  or  R,- 

13.     If  only    four  wires  were    to   be   considered,  those 
forming   the    sides   of   two    separate    metallic   circuits,  the 
arrangement  to  effect  a  perfect  neutralization  between  the 
a0  two  circuits  would  be  that  shown  in  Fig.  7. 

-  ^  ^,    In  this,  a  and  a'  are  the  cross-sections  of  the 

^  wire  of  one  circuit  and  d  and  i/  those  of  the 
♦«j  other.  This  arrangement  could  be  readily 
P10.7  accomplished  if  two  circuits  only  were  to  be 
used,  but  would  be  unavailable  for  more  than  two,  and  there- 
fore it  is  seldom  if  ever  used.  The  method  of  transposi- 
tion, the  theory  of  which  is  illustrated  in  succeeding  figures, 
is  extensively  used  in  this  country,  and  has  given  the  best 
of  satisfaction  on  the  longest  lines  in  the  world. 
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TRANSPOSITIONS 

14.  Theory  of  Transposition. — In  Fig.  8,  the  dis- 
turbing wire  cd  is  located  at  one  side  of  the  metallic  circuit 
a,  a';  and  the  resistances  r,  r'  at  each  end  of  the  metallic 
circuit  represent  the  coils  of  the  subscribers*  instruments. 
It  is  obvious  that,  if  the  two  sides  of  the  metallic  circuit  did 
not  change  places  at  the  center  point  on  the  line,  there 
would  be  a  chance  for  both  electromagnetic  and  electrostatic 
induction,  because  the  side  of  the  metallic  circuit  nearer  to 
the  disturbing  wire  would  be  subject  to  greater  inductive 
action  than  the  side  farther  away.  By  making  a  central 
transposition,  however,  the  liability  to  cross-talk  is  greatly 

€ . d 


Fig.  8 

lessened.  Electromagnetic  induction  is  entirely  eliminated, 
for  the  average  distance  of  the  wire  a  from  the  disturbing  wire 
is  the  same  as  the  average  distance  of  the  wire  a'  from  the 
disturbing  wire. 

15.  While  the  transposition  will  greatly  reduce  the 
sounds  in  the  receivers,  due  to  electrostatic  induction,  it  will 
not  completely  eliminate  them.  When  cd  receives  a  neg- 
ative charge,  as  in  the  figure,  a  positive  charge  is  induced 
on  the  nearer  portions  of  a,  a\  while  a  negative  charge 
is  repelled  to  the  more  remote  portions  of  the  same  wires. 
As  the  negative  charge  on  the  wire  cd  reaches  zero,  cur- 
rents flow  from  the  nearer  portions  of  a,  a!  to  thtf  more 
remote  portions,  and  two  paths  are  afforded  for  the  currents 
thus  flowing  from  each  section  of  the  wire.    Thus,  the  positive 
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charge  on  the  left-hand  portion  of  the  wire  a  will  divide, 
part  flowing  through  the  receiver  coil  r  and  part  through  the 
cross  or  transposition  wire,  in  order  to  reach  the  sides  of 
the  metallic  circuit  that  are  farthest  from  the  disturbing 
wire.  If  the  resistance  through  the  transposition  wire  were 
the  same  as  that  through  the  receiver,  a  neutral  point  e 
would  be  found  in  the  center  of  the  left-hand  portion  of  the 
wire  a  from  or  toward  which  all  induced  currents  would 
flow.  As  it  is,  however,  the  resistance  through  the  receiver  r 
is  much  higher  than  that  through  the  transposition  wire,  and 
therefore  most  of  the  current  is  forced  through  the  latter 
path,  thus  moving  the  neutral  point  e  toward  the  end  of  the 
line.  Four  neutral  points  e,  e'  and  /,  /^  may  be  found  on  the 
line,  as  shown,  and  there  would  be  no  sounds  in  the  receivers 
if  connected  in  the  circuits  at  these  points.  On  a  line  of  con- 
siderable length,  one  transposition  is  not  enough  to  give 
complete  immunity  from  cross-talk,  because  the  resistance 
from  the  neutral  point  through  the  transposition  is  sufficient 
to  force  a  considerable  portion  of  the  induced  charge  through 
the  receivers  at  the  ends.  It  is  customary,  therefore,  on  very 
long  lines,  to  make  transpositions  about  once  every  quarter 
or  every  half  mile,  which  is  usually  sufficient  to  give  com- 
plete freedom  from  disturbing  noises,  even  on  the  longest 
lines  in  use.  

TRANSPOSITIONS  TO  ELIMINATE  CROSS-TAXK 

16.  Selieme  of  Transpositions. — Where  many  wires 
are  used,  the  transpositions  must  be  carefully  planned. 
When  two  circuits  only  are  considered,  transpositions  in  only 
one  will  serve  to  prevent  cross-talk  between  them,  although, 
of  course,  it  will  not  serve  to  prevent  outside  disturbances 
from  affecting  the  circuit  that  is  not  transposed.  If  more 
than  two  circuits  are  used,  it  will  not  be  sufficient  to  trans- 
pose them  all  in  the  same  manner;  neither  will  it  do  to  leave 
one  of  them  untransposed  and  to  transpose  the  others  in  the 
same  manner.  For  example,  in  Fig.  9,  the  circuit  a  is  not 
transposed  at  all,  while  the  circuits  b  and  c  are  transix>sed  at 
their  center  points.     If  the  line  is  a  short  one,  there  will  be  no 
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appreciable  cross-talk  between  a  and  by  as  we  have  seen  in 
connection  with  Fig.  8;  for  the  same  reason  there  will  be  no 
cross-talk  between  a  and  c\  but  between  b  and  c  there  will 
be  cross-talk,  as  the  average  distances  of  the  two  wires  of  c 
from  either  wire  of  b  are  not  equal  to  each  other.  In  fact, 
the  circuits  b  and  c  bear  almost  the  same  relation  to  each 
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other  as  if  they  were  not  transposed  at  all.  To  overcome 
this  diflSculty,  twice  as  many  transpositions  must  be  made 
in  the  third  circuit  as  there  are  in  the  second,  as  shown 
in  Fig.  10. 

17.  standard  and  Special  Transposition  Sections. 
Yrx.  the  transposition*  of  telephone  lines  for  the  elimination 
of  mutual  disturbances  between  themselves,  it  is  necessary 
to  adopt  a  certain  standard  length  of  section  within  which 


Fig.  10 

all  the  wires  shall  be  transposed,  and  within  which  2x11  of  the 
mutual  disturbances  are  made  to  vanish.  The  procedure  of 
transposing  is  to  take  a  standard  section,  starting  from  one 

*For  some  of  the  following  information  relating  to  transpositions 
for  the  elimination  of  cross-talk  and  disturbances  from  power  and 
lighting  circuits,  credit  is  due  Frank  F.  Fowle  through  his  papers 
presented  to  the  American  Institute  of  Electrical  Engineers  (October, 
1904)  and  other  societies. 
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end  of  the  line,  and  applying  it  consecutively  until  next  to 
the  last  section  is  reached,  or  until  a  section  is  reached  before 
which  some  radical  change  is  made  in  the  line.  A  radical 
change  may  be  the  junction  with  another  line,  or  the  removal 
from  the  line,  or  the  terminal,  of  one  or  more  pairs  of  wires. 
If,  after  applying  'the  greatest  number  of  standard  sections, 
there  is  a  remainder  less  than  half  the  length  of  a  standard 
section,  add  the  remaining  distance  to  the  preceding  section, 
which  then  constitutes  a  special  section;  but  it  is  transposed 
like  a  standard  section  with  longer  distances  between  the 
transpositions,  that  is,  with  longer  lengths  of  exposure.  If 
the  remainder  is  greater  than  half  the  length  of  a  standard 
section,  it  is  made  a  special  section  and  transposed  like  a 
standard  section,  the  lengths  of  exposure  being  shorter  than 
in  a  standard  section.  The  first  pair  in  a  standard  section 
may  have  no  transpositions,  the  second  pair  one  transposi- 
tion, the  third  pair  two  transpositions,  and  so  on,  each  pair 
having  one  more  transposition  than  the  preceding. 

18.  Types  of  Transpositions. — It  is  necessary  to 
devise  different  types  of  transposed  circuits,  no  two  trans- 
posed alike,  in  order  to  treat  the  cases  occurring  in  practice. 
The  manner  of  doing  this  is  shown  in  Fig.  11.  The  deriva- 
tion of  the  types  is  simple;  the  first  two  are  obvious.  The 
third  is  obtained  by  adding,  or  combining,  the  first  two. 
The  fourth  is  obtained  by  doubling  the  number  of  trans- 
positions in  the  second  and  the  fifth  by  combining  the 
first  and  fourth,  etc.,  as  indicated  under  the  word  derivation 
on  the  right  of  the  figure. 

19.  The  treatment  of  induction  between  telephone  circuits 
has  been  by  empirical  rule  rather  than  theory.  It  has  been 
determined  by  experiment,  with  receivers  of  a  given  sensitive- 
ness and  transmitters  of  a  given  power,  how  frequently  two 
adjacent  circuits  should  be  transposed  in  order  to  eliminate 
cross-talk.  Using  2-mile  sections  transposed  at  the  center, 
the  cross-talk  is  distinguishable  with  transmission  suffi- 
ciently powerful  for  1,000-mile  service;  i-mile  or  i-mile  sec- 
tions transposed  at  the  center  are  satisfactory;  this  results 
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in  a  minimum  transposition  spacing  of  i  mile.  The  exist- 
ence of  cable  at  each  end  of  the  line,  in  any  considerable 
length,  will  reduce  the  cross-talk. 

20.     Jjength  of  Standard  Transposition  Section. — A 

convenient  distance  to  take  for  the  length  of  a  standard, 
section,  where  the  number  of  circuits  does  not  exceed 
twenty  or  thirty,  is  between  5  and  10  miles.     The  point  is 
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to  adopt  a  length,  in  connection  with  the  standard  line  span 
in  use,  such  that  the  transpositions  will  fall  at  convenient 
places  and  that  the  shortest  length  between  two  consecutive 
transpositions  will  be  an  integral  multiple  of  the  standard 
distance  between  poles.  The  best  standard  of  exposure 
between  two  adjacent  horizontal  circuits  on  a  ten-pin  cross- 
arm  is  one-fourth  of  a  mile  between  transpositions. 

If  two  such  adjacent  circuits  are  transposed  one-fourth 
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of  a  mile  from  one  of  the  terminals,  and  then  at  each  con- 
secutive half-mile,  to  the  distant  terminal,  it  will  be  found 
that,  with  the  standard  of  transmission  now  in  general  use, 
the  cross-talk  will  be  entirely  negligible,  and  under  normal 
conditions  absolutely  unapparent. 

The  general  rule,  in  applying  a  standard  unit  section  to 
any  line,  is  to  make  any  discontinuity  in  the  line  the  junction 
of  two  contiguous  sections.  A  discontinuity  is  consti- 
tuted by  the  junction  with  the  line  of  other  lines  coming  to 
the  main  line  or  leaving  it,  and  it  is  also  a  point  at  which  all 
or  any  of.  the  lines  enter  an  intermediate  or  terminal  office. 

21.  The  choice  of  a  convenient  length  /  is  rather  impor- 
tant.    An  8-mile  section  has  been  extensively  used,  but  it  is 
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rather  long;  4  miles  is  a  much  more  convenient  length.  If 
there  are  only  a  few  circuits,  a  2-mile  section  may  be  used. 
A  case  of  this  kind  is  a  ten-wire  line,  on  a  single  cross-arm, 
as  shown  in  Fig.  12.  The  fifteen  types  shown  in  Fig.  11  will 
be  sufficient  for  a  forty-wire  line,  because  there  will  be  cer- 
tain exposures  requiring  transposition  only  at  long  intervals, 
and  these  extra  transpositions  may  be  located  at  the  junction 
poles  between  sections. 
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22.  Xiong^-dlstance  lines  have  been  successfully  trans- 
posed according  to  the  following  system,  which  requires 
thirty-two  transposition  poles  for  a  complete  section.  The 
length  of  a  standard  transposition  section  is  41,600  feet 
(nearly  8  miles)  and  the  distance  between  transposition 
poles  in  a  standard  transposition  section  is  1,300  feet,  or 
nearly  i  mile. 

When  building  from  one  end  of  the  line  only,  proceed  as 
follows  in  locating  transposition  poles:  Starting  from  the 
first  open-wire  fixture,  measure  along  the  line  standard  trans- 
position sections  of  41,600  feet  in  length.  If  the  line  is  not 
exactly  divisible  into  41,600-foot  sections,  there  will  remain, 
between  the  end  of  the  last  standard  transposition  section 
and  the  end  of  the  line,  a  distance  less  than  41,600  feet  in 
length;  if  this  distance  is  greater  than  21,000  feet,  treat  it  as 
a  special  transposition  section;  if  it  is  less  than  21,000  feet, 
add  it  to  the  last  41,600-foot  section,  and  treat  the  resulting 
section  as  a  special  transposition  section. 

When  building  from  each  end  toward  the  center  of  the  line, 
proceed  as  follows  in  locating  transposition  poles:  Starting 
from  the  first  open-wire  fixture  at  each  end,  measure  off 
toward  the  center  of  the  line,  transposition  sections  of  41,600 
feet  in  length.  If,  at  the  meeting  point,  the  distance 
between  the  last  transposition  section  measured  from  each 
end  is  less  than  41,600  feet,  and  greater  than  21,000  feet, 
treat  this  distance  as  a  special  transposition  section;  if  it  is 
less  than  21,000  feet,  add  it  to  one  of  the  adjacent  41,600-foot 
sections,  and  treat  the  resulting  section  as  a  special  transpo- 
sition section. 

Special  transposition  sections  should  contain  thirty-two 
transposition  poles;  while  the  distance  between  transposition 
poles  in  a  special  transposition  section  should  be  aV  of  the 
length  of  the  special  transposition  section.  Special  trans- 
position sections  are  transposed  exactly  like  standard  trans- 
position sections.  The  only  difference  between  the  special 
and  standard  transposition  sections  is  the  length  of  the  sec- 
tion and  the  distance  between  the  transposition  poles.  It  is 
important,  especially  in  special  transposition  sections,  that  all 
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transposition  poles  be  placed  as  near 
as  possible  to  their  measured  points. 

23.  Transposition  poles  (see 
Figs.  13  and  14)  are  marked  A,  B, 
C,  D,  E,  or  5.  Measured  from  the 
first  open-wire  fixture,  wbich  may 
be  considered  the  first  5  pole,  where, 
however,  no  transpositions  are  re- 
quired, the  distance  to  the  first  A 
pole  is  1,300  feet;  to  the  first  B  pole, 
2,600  feet;  to  the  first  C  pole,  5,200 
feet;  to  the  first  D  pole,  10,400  feet; 
to  the  first  E  pole,  20,800  feet;  to 
the  second  5  pole,  41,600  feet. 
Counting  from  the  first  A  pole, 
every  alternate  transposition  pole 
is  an  A  pole.  Counting  from  the 
first  B  pole,  every  fourth  transpo- 
sition pole  is  a  5  pole.  Counting 
from  the  first  C  pole,  every  eighth 
transposition  pole  is  a  C  pole. 
Counting  from  the  first  D  pole, 
every  sixteenth  transposition  pole  is 
a  D  pole.  Counting  from  the  first  E 
pole,  every  thirty-second  transposi- 
tion pole  is  an  E  pole.  Counting 
from  the  first  open-wire  fixture 
every  thirty- second  transposition 
pole  is  an  5'  pole. 

24.  The  system  of  transposi- 
tions shown  in  Fig.  13  is  suitable 
for  six  circuits,  that  is,  twelve  wires 
on  two  cross-arms;  and  that  shown 
in  Fig.  14  for  twenty  or  more  cir- 
cuits, that  is,  forty  or  more  wires  on 
four  or  more  cross-arms.  On  ten- 
pin  arms,  the  wires  are  numbered  as 
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shown  in  Fig.  14.    On  eight-pin  arms,  the  wires  on  the  first  an*^ 

are  numbered  1-2-3-4-7-8-9-10,  and  on  the  second  arm  11-1^-^ 

13-14-17-18-19-20 y  the  numbers  on  each  side  of  the  pole  c^  ^ 

a  ten-pin  arm  being  omitted.     On  six-pin  arms,  the  wires  at     ^ 

numbered  as  shown  in  Fig.  13;  the  two  outside  wires  on  eacr-- 

end  of  a  ten-pin  arm  are  omitted.     On  four-pin  arms,  th 

wires  on  the  first  arm  are  numbered  3-4-7-8,  on  the  s.ecom 

arm  13-11-17-18;  the  middle  and  outside  pair  on  each  em 

of    a    ten-pin    arm    are    omitted.     Brackets    are   numbere^^^ 

5  and  6.     If  there  are  more  than  two  arms  on  a  pole  line- — =» 

follow   the  same  method  of  numbering.     For   instance,   ir —  ^ 

there  are  three  four-pin  arms,  number  the  wires  on  the  thir^^S 

arm  23-24-27-28  (see  third  arm   in  Fig.  14).     The  wires. 

when  numbered  as  shown  in  Figs.  13  and  14,  are  transpose! 

as  follows: 

TABLE  I 


Top  Arm 
Wires  on  Poles 

Second  Arm 

Third  Arm 

Fourth  Arm 

Wires  on  Poles 

Wires  on  Poles 

Wires  on  Poles 

U     2 

A-C-E 

11,  12 

B-E 

2t,  22 

A-B 

31,  32 

C-D 

^.     4 

D-E-S 

13,  14 

A-D 

23,  24 

B-D 

33,  34 

A-B'E 

5,     6 

A 

15,  16 

C-E 

25,  26 

A-B-C 

36,  36 

B-D-E 

7,    S 

C 

17,  IS      A-E 

27,  28 

B-C 

37,  38 

A-B-D-E 

9,  10 

A-C 

19,  20         B 

29,  30 

A-B-D 

39,  40 

C-D-E 

The  fifth,  sixth,  seventh,  and  eighth  cross-arms  are  trans- 
posed like  the  first,  second,  third,  and  fourth  cross-arms, 
respectively,  except  that  at  the  first,  third,  fifth,  seventh,  and 
other  odd  S  poles  all  pairs  on  the  fifth,  sixth,  seventh,  and 
eighth  cross-arms,  excepting  3  and  4,  will  be  transposed. 

25.  In  Fig.  15  is  shown  the  scheme  of  transposition  on 
the  New  York-Chicago  line,  the  poles  on  which  transposi- 
tion are  made  being  1,300  feet  apart.  The  same  scheme  of 
transposition  is  used  on  every  other  set  of  cross-arms;  thus, 
the  cross-arms  at  the  top  of  the  poles  will  be  arranged  as 
shown  in  the  upper  part  of  Fig.  15;  the  next  set  will  be 
arranged  as  shown  in  the  lower  portion  of  that  figure;  the 
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third  will  be  like  the  first,  and  the  fourth  like  the  second, 
and  so  on  throughout  the  entire  number  of  sets  of  cross-arms. 
Id  telephone  cables,  the  transposition  of  two  wires  forming 
a  pair  is  accomplished  by  twisting  the  two  wires  spirally 
about  each  other,  a  complete  twist  being  accomplished  every 
few  inches.  The  pairs  are  put  in  layers,  each  layer  forming 
a  long  spiral  around  the  preceding  layer  in  the  opposite 
direction.  Thus,  the  two  wires  in  no  two  pairs  have  the 
same  relation  to  each  other  throughout  the  cable;  in  other 


words,  the  two  wires  of  one  pair  are  each  at  the  same  aver- 
age distance  from  each  of  the  two  wires  of  any  other  pair  in 
the  cable.  


METHODS    OF    MAKING    TRANSPOSITIONS 

26.  A  common  way  of  making  a  transposition  where 
ordinary  twisted  joints  are  used  is  shown  in  Fig.  16  (a),  where 
the  wires  are  both  on  the  same  side  of  the  pole,  and  in 
Fig.  16  (A),  where  the  pole  comes  between  the  two  wires. 
A  better  way  to  make  a  transposition  is  shown  in  Fig.  17, 
The  transpositions  so  far  shown  are  used  mostly  for  iron 
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wires,  in  which  case  the  joints  x  should  be  well  soldered.  _ 
Where  the  joints  at  transpositions  are  made  with  MclDtir&« 


or  other  sleeves,  which  are  generally  required  for  line  cir- 
cuits   of   hard -drawn    copper   wire,    the   transpositions   are 


usually  made  as  shown  in  Fig.  IS  (a),  where  both  wires  are 
on  the  same  side  of  the  pole,  and  in  Fig.  18  (6),  where  the 


else  so  bent  as  to  avoid  the  possibility  of  crosses,  the 
ter  plan  beinp  the  more  common. 

ST.  Traiis|>o8ltlon  Iiisiilntor  and  Pin. — When  trans- 
Sitions  are  made  in  this  manner,  an  insulator  with  two 
lloveH  around  it  must  be  used.  A  truiisposlilon  Insu- 
»r  and  its  pin  is  shown  in  Fig.  19  la)  and  (i),  respect- 
ily.  The  insulator  (<i)  is  made  in  two  separate  pieces, 
sh  having  a  groove  around  it.  The  pin  screws  through 
t  lower  one  into  the  upper  one.  This  is  sometimes  known 
tbe  Ulblmri)  trnnsiKtslttou  lumilator. 
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28.  Cuttlnfic  In  a  Transposition. — Transpositioos 
made  with  sleeves  are  usually  cut  in  about  as  follows:  Cut 
the  wires  a,  b.  Fig,  18,  on  the  pole  side  of  the  cross-ann 
20  inches  from  the  cross-arm,  slip  half  sleeves  e,  f  on  each 
wire  a,  b  and  dead  end  these  wires,  leaving  the  ends  project- 
ing from  the  sleeves.  When  twisting  the  sleeve  at  a  dead 
end  hold  the  stationary  clamp  next  the  insulator,  so  that  the 
twist  will  be  made  in  the  long  section.    Then  cut  in  6  feet  of 


slack  wire  by  means  of  a  whole  sleeve  on  each  of  the  other 
wires  f.rf;  slip  half  sleeves,?',  A  on  the  slack  ends;  pull  up  the 
■  wires  and  dead  end  them,  leaving  the  long  ends  on  after  the 
dead  ends  have  been  made;  connect  these  long  ends  with 
the  opposite  short  ends  by  half  sleeves  i,j.  Some  advise 
using  test  connectors  about  every  5  miles  in  place  of  the 
half  sleeves  /,/.  At  such  connectors  the  line  circuit  can  be 
readily  opened  to  facilitate  testing.  Wires  a,d  are  dead 
ended  in  top  grooves  of  the  insulators  and  b,c  in  the  bottom 


>oves.  The  wires  crossing  from  one  side  to  the  other 
Hild  be  placed  in  such  a  miinner  that  they  will  not  become 
AH  half  sleeves  are  to  be  given  one  and  one-half 
,  and  whole  sleeves  three  complete  twists. 
Tjen  the  pole  wires  are  to  be  transposed,  the  long  ends 
are  to  be  brought  around  the  insulator  on  the  side  away  from 
the  pole,  so  that  the  complete  transposition  will  be  made  on 
tbe  cross-arm  side  of  the  pole,  as  shown  in  Fig.  18  id). 

H^9.  There  exists  a  disadvantage  in  connection  with  the 
Hjfcthod  of  making  transpositions,  just  described,  which  is 
^uticularly  apparent  where  telegraph  and  telephone  services 
are  given  simultaneously  on  the  same  line.  To  explain  this 
point  fully,  just  a  word  must  be  said  on  the  two  methods  of 
Bviog  telegraph  service  on  a  telephone  line.  Telegraph 
rice  is  given  either  by  the  simplex   method,   or  the 


3>C 


3<_ 


jxZ 


nposlte  mptliod.  By  the  simplex  method,  both  con- 
betoTS  of  the  telephone  circuit  are  taken  for  the  metallic 
e  of  one  telegraph  circuit,  the  earth  being  used  as  a  return. 
1  this  case,  any  change  in  the  relative  positions  of  the  two 
conductors  does  not  affect  the  proper  working  of  the  tele- 
giaph  circuit,  or,  as  it  is  frequently  termed,  the  Morse 
•cult.  By  the  composite  method,  each  conductor  of  the 
lephone  circuit  is  used  as  an  independent  telegraph,  or,  as 
I  frequently  termed,  a  Morse,  wire,  so  that  whatever  trans- 
sittons  are  cut  in,  the  relative  positions  of  the  conductors 
t  remain  unchanged  at  the  terminals  of  the  line.  Refer- 
j  to  Fig.  20  will  illustrate  this  point.  Suppose  that  !,k 
D  the  two  conductors  of  a  telephone  line  running  between 
I  stations  a,  b,  and  that  regular  transpositions  are  cut 
)ax  the  points  /.  2,  3.  If  an  extra,  or  special,  transposi- 
be  cut  in  at  x,  for  example,  the  relative  positions 
/aodi(-WTll  be  reversed  at  the  terminals;  and  as  a  result, 
I  telegraph   subscriber  working  on  /  at   b   will   then  be 


)e 
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connected  to  the  one  working  on  k  at  a.  To  overcome  this 
difficulty  with  the  standard  system  of  transposing,  the  work 
of  transposing  must  be  done  at  such  a  time  as  the  telegraph 
service  is  not  given,  so  that  tlje  line  may  be  tested  out  after 
the  work  is  done  and  the  proper  reversals  made  at  a  or  b,  to 
insure  the  proper  connections  before  this  service  is  resumed. 
Again,  the  cutting  in  of  a  standard  transposition  necessitates 
the  opening  of  the  line  for  an  appreciable  time.  Now,  when 
telephone  service  only  is  given,  the  service  may  be  con- 
tinued over  another  circuit,  by  mutual  arrangement  between 
the  two  offices  during  this  interval.  With  telegraph  service, 
however,  the  case  is  different,  because  all  telegraph  wires 
are  leased  wires,  and  the  subscribers  require  uninterrupted 
service  during  the  day,  and  there  are  usually  not  enough 


g 


e 


Fig.  21 

spare  wires  to  transfer  the  service.  So  that  the  cutting-in 
of  special  transpositions  by  the  standard  method  is  equally 
detrimental  both  with  the  simplex  and  composite  methods. 

30,  Siiigle-Pln  Transpositions. — To  overcome  these 
difficulties,  a  new  system  of  transpositions  was  invented  by 
Mr.  Murphy,  chief  of  construction  of  the  Westchester  divi- 
sion of  the  New  York  Telephone  Company.  It  is  known  as 
the  single-pin,  or  Murphy,  transposition.  Old  con- 
struction men,  however,  maintain  that  this  system  is  not 
new,  but  that  it  was  used  in  the  early  80*s  in  New  England. 
However  that  may  be,  it  possesses  the  distinct  advantage  of 
avoiding  the  opening  of  the  line  when  it  is  cut  in.  The 
nature  of  this  transposition  is  shown  in  Fig.  21.  Suppose 
that  the  pole  b  is  the  one  on  which  the  transposition  is  to  be 
made  on  the  wires  /,  k,  which  take  at  the  pole  a  the  pins 
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and  J,  respectively.  A  transposition  insulator  is  placed  on 
in  i  at  the  pole  *  and  the  conductor  k  is  tied  in  the  lower 
roove  at  the  pole  li,  while  the  conductor  /  is  tied  in  the 
pper  groove.  On  the  next  pole  e,  the  conductor  *  will  be 
ed  in  the  usual  manner  to  pin  2,  while  the  conductor  /  will 
K  tied  to  pin  l.  Their  mutual  positions  are  thus  reversed. 
To  make  this  transposiliun,  all  that  is  necessary  is  to  take  up 
lack  enough  in  the  conductors  to  enable  them  to  be  shifted 
ne  pin  to  the  right  or  left  as  the  case  may  be.  Thus,  no 
itting  or  opening  of  wires  is  required  when  making  a 
rensposition,  and  the  relative  connection  of  conductors 
bmaias  unchanged. 

Mr.  F.  F.  Fowle  says  the  single-pin  transposition  has  the 
lOmparative  advantage  of  less  first  cost  and  simpler  construe- 
>n.     It  can  be  cut  in  at  any  time,  cut  out,  or  moved  several 
lies,  at  less  cost  and  with  much  less  work  than  in  the  case 
a  square,   or  ordinary,   transposition.     If  transpositions 
XUT  frequently — say.  every  i  or  t  mile — the  line  capacity  is 
creased  a  few  per  cent,  and  the  line  inductance  diminished, 
bich  is  a  slight  disadvantage.     The  square  transposition 
IS  the  advantage  of  concentrating  the  entire  transposition 
ithin  a  very  short  length  and  of  not  altering  the  separation 
the  wires.     While  the  single-pin  transposition  changes  the 
I^ne  of  the  circuit,  the  wire  separation  is  greatly  reduced, 
which  is  an  advantage.     Since  it  requires  two  spans  in  which 
(o  make  this  transposition,  it  is  possible,  in  case  of  excessive 
oction,  to  make  on  a  given  number  of  poles  only  one-half 
many  of  the  single-pin  transpositions  as  of  the  ordinary 
lare    transpositions.     The    greatest    disadvantage    with 
is  method  seems  to  be  the  fact  that  the  two  conductors 
superposed,  the  one  above  the  other,  for  a  short  dis- 
on  both  sides  of  the  transposition  insulator,  they  are 
ihle  to  become   crossed   when   coated   heavily   wilh   ice. 
has  been  introduced  so  recently. that  no  actual  figures  as 
its  merit  can  be  obtained,  but  it  is  now  considered  the 
dard  transposition  of  the  American  Telephone  and  Tele- 
Company,  is  being  used  on  their  long-distance  lines, 
[s  preferred  for  regular  cross-talL  transpositions. 
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BAIiANCED  CIRCUITS 

31  •  Telephone  circuits  are  said  to  be  balanced  when 
the  same  amount  of  resistance,  inductance,  and  capacity  are 
similarly  located  or  distributed  in  each  side  of  the  circuit. 
When  there  is  not  the  same  amount  of  any  or  all  these  quan- 
tities similarly  distributed  in  each  side  of  the  circuit,  it  is 
said  to  be  unbalanced.  It  is  therefore  theoretically  impos- 
sible to  have  a  perfectly  balanced  ground-return,  or  common- 
return,  circuit;  only  complete  metallic  circuits  can  be  perfectly 
balanced.  An  underground  metallic  circuit,  if  balanced  and 
properly  transposed,  will  be  free  from  noise  and  cross-talk, 
but  if  properly  transposed  and  not  balanced  it  may  be  very 
noisy  if  there  are  disturbing  circuits  running  parallel  with 
it.  One  or  more  grounds  may  cause  an  otherwise  quiet 
metallic  circuit  to  be  very  noisy. 

32.  In  Fig.  22,  let  cdbe  a  disturbing  wire;  mn,  a,  prop- 
erly transposed   and   balanced  metallic   circuit  of    No.   12 
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B.  &  S.  hard-drawn  copper  wire;  and  opy  a  similar  circuit,  but 
unbalanced  by  the  insertion  of  an  ordinary  series-telephone  T 
in  one  side  of  the  circuit.  There  are  telephones  in  use  at 
each  end  of  each  circuit,  but  T  is  not  supposed  to  be  in  use 
at  this  time  and  hence  its  80-ohm  series-bell  will  be  connected 
in  series  with  one  side  of  the  circuit.  In  m  «,  the  neutral 
points  will  occur  at  e,  ^,,  /,  h.g.gx,  h,  A,,  and  the  length  of  the 
arrows  a,  a  may  be  taken  to  represent  the  equalizing  currents 
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It  flow  through  the  end  telephones  each  time  the  charge 
the  distarbing  wire  e  d  passes  through  zero.  This  current 
supposed  to  be  small  enough  to  produce  no  perceptible 
•■  to  ordinary  subscribers  at  m,  n, 

ice   the  total   resistance  of   each  telephone  line  wire, 

Jch  is  2  miles  long,  is  about  17.2  ohms,  it  is  evident  that 

I  insertion  of  an  80-ohm  inductive  resistance,  such  as  an 

Unary  series-bell,  will  cause  that  particular  part  of  the 

uit  to  offer   much  more  opposition  to  the  flow  of  the 

loced  charges  than  all  the  rest  of  the  line  circuit;  conse- 

mtly,  T  will  become  a  neutral  point,  or  very  near  one,  as 

licated.    Hence,  the  neutral  points  will  be  now  located  about 

.  /..  f..g„g,.  fit.  h,.     In  the  circuit  w/w,  the  strength 

ihe  discharging  current  is  equivalent  to  that  produced  on 

about  one-eighth  of  the  length  of  one  wire,  which  may  be 

considered  as  neutralizing  an  equal  opposite  charge  on  about 

the  same  length  of  wire  on  the  opposite  side  of  the  circuit. 

In  op,  however,  the  relative  large  impedance  concentrated  at 

/"causes  7" to  be  very  near  if  not  exactly  at  a  neutral  point; 

and  each  arrow  b,b,  which  may  be  taken  to  represent  the 

englh  of  the  discharging  current,  is  equivalent  to  that 

Enced  on   nearly   one-fourth  of   the  length  of  one  wire. 

Ich  may  be  considered  as  neutralizing  an  equal  opposite 

on  the  same  length  of  wire  on  the  opposite  side  of 

!  circuit.     Hence,  the  current  tending  to  produce  a  noise  is 

)Ut   twice   as   great   in  the    circuit  op  as  in  mn.    This 

t  may  not  be  actually  realized  in  practice,  but  it  serves 

explain  the  principle  involved. 

83.  If  a  series-telephone  7"  is  looped  in  the  circuit  at  a 
Btral  point,  ii  should  not  theoretically  affect  the  quietness 
■the  end  telephones.  If  the  transpositions  are  rearranged 
that  the  present  position  of  T  becomes  a  neutral  point, 
may  be  done  by  locating  the  transpositions  at  the 
[Bis  e.  If,.  /,  f,.g,g,.  h,  hi  in  mn,  the  disturbing  currents 
lough  the  end  telephones  will  be  even  less  than  indicated 
;  but  this  would  mean  an  extra  transposition  In  each 
rtlon  throughout  the  length  of  the  line. 
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34.  If  a  telephone  is  bridg^ed  across  a  line  circuit,  it 
form  a  leakage  path  between  the  two  sides  of  the  circu 
through  which  some  of  the  charges  can  flow;  hence,  th' 
charges  and  noises  in  the  end  telephones  are  reduced,  esp 
cially  when  the  intermediate  telephone  receiver  is  off  thi 
hook.     Although  a  bridge  across  a  metallic  circuit  tends  t 
reduce  disturbing  currents  through  the  end  telephones,  there* 
is  little  to  be  gained  by  such  practice  because  the  voice  cur- 
rents can  also  leak  through  the  bridged  circuit  and  be  reduced 
in  magnitude  at  the  receiving  telephone  about  as  much  as  the 
disturbing  currents. 

If  a  condenser  is  inserted  in  a  line  circuit,  its  location 
becomes  a  neutral  point  because  the  neutralizing  charges 
cannot  actually  flow  through  the  insulation  sheets  of  a  good 
condenser;  however,  the  charges  flowing  in  and  out  of  the 
condenser  may  be  increased  by  its  presence. 

35.  Since  exchange  circuits  are  used  to  connect  together 
two  subscribers*  lines,  it  is  evident  that  the  insertion  of  a 
resistance,  inductance,  or  capacity  in  one  side  only  of  an 
exchange  circuit  tends  to  unbalance  both  lines.  The  evil 
effect  due  to  a  lack  of  balance  will  be  less  apparent  with 
properly  transposed  line  circuits.  It  is  frequently  advisable, 
where  a  resistance,  inductance,  or  capacity — ^for  instance,  a 
relay  or  condenser — must  be  used  in  one  side  of  an  exchange 
circuit,  to  insert  a  similar  resistance,  inductance,  or  capacity 
in  the  other  side,  even  if  it  cannot  be  used  for  any  other 
purpose  than  to  keep  the  circuit  in  a  balanced  condition. 


TRANSPOSITION  OF  PHANTOM  CIRCUITS 

36,  When  one  pair  of  wires  is  used  as  one  telephone  cir- 
cuit, a  second  pair  as  a  second  telephone  circuit,  and  the  first 
pair  with  the  two  wires  in  parallel  as  one  side,  the  second 
pair  with  the  two  wires  in  parallel  as  the  other  side,  of  a 
third  telephone  circuit,  this  third  circuit  is  called  a  phantom 
circuit,  because  an  extra  circuit,  apparently  independent, 
has  been  secured  without  increasing  the  number  of  wires. 
Phantom    circuits    are    treated    elsewhere.     The    ordinary 
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transposition  is  of  no  effect,  and  unless  specially  transposed, 
phantom  circuits  will  cross-talk  and  will  be  subject  to  induc- 
tion from  foreign  circuits. 
The  transposition  of  a  phantom  circuit  may  be  done  in 
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several  ways.  Fig.  23  shows  a  transposition  in  which  the 
phantom  is  transposed.  Its  two  component  circuits,  while 
not  transposed  with  respect  to  each  other,  are  transposed 
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with  respect  to  any  otner  parallel  circuits  and  are  also  moved 

in  position,  thereby  partly  offsetting  the  latter  transposition. 

A  second  method  is  shown  in  Fig.  24,  where  the  two  com- 

3 
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ponent  circuits  are  also  transposed  with  respect  to  each  other. 
Another  method  is  shown  in  Fig.  25.  If  the  regular  trans- 
position sections  are  not  too  long,  the  phantom  transposition 
may  be  placed  at  a  pole  forming  the  junction  between  two 
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sections,  where  it  will  have  no  effect  on  the  regular  sectional 
system;  if  it  is  placed  within  a  section,  it  will  upset  the 
regular  system  of  transpositions.  If  many  phantoms  are 
employed,  it  is  best  to  lay  out  a  section  with  only  the  phan- 
tom transpositions  and  then  to  superpose  on  it  the  additional 
simple  transpositions  to  eliminate  the  cross-talk  between  the 
simple  metallic  circuits  themselves.  Phantom  circuits  have 
seldom  proved  to  be  sufficiently  quiet,  owing  to  the  fact  that 
the  lines  were  not  properly  transposed  so  as  to  make  the 
phantom  circuit  mutually  non-inductive  with  Other  circuits. 
This  is  now  accomplished,  however,  and  phantom  circuits 
are  in  constant  use  by  the  Bell  and  other  companies  for  long- 
distance circuits. 

ELIMINATION  OP  DISTURBANCES  FROM    FOREIGN 

CIRCUITS 


DISTURBANCES    FROM    LIGHT    AND    POWER    CIRCUITS 

37.  The  transposition  of  telephone  lines  as  a  whole,  to 
eliminate  induction  from  foreign  lines  of  high  energy,  car- 
rying either  high  potentials  or  large  currents,  is  an  exceed- 
ingly important  branch  of  the  subject  of  transposition.  This 
matter  is  becoming  more  and  more  important,  especially 
with  the  development  of  high-tension  transmission.  If  pos- 
sible, run  the  telephone  lines  on  poles  on  the  opposite  side 
of  the  street  to  the  poles  carrying  high-potential  light  or 
power  circuits.  Where  telephone  lines  run  parallel  with  two- 
wire  circuits  carrying  high-potential  alternating  currents,  it 
is  usually  sufficient  to  transpose  merely  the  telephone  lines. 
The  important  feature  is  the  manner  of  transposition  when 
the  exposure  becomes  complicated  by  the  presence  of  trans- 
formers or  arc  lights  in  the  alternating-current  circuits. 

Neutral  points  exist  on  the  telephone  lines  opposite  the 
points  where  transformers  are  joined  to  the  alternating-cur- 
rent system,  and  hence  transposition  at  these  points  will 
affect  the  disturbance  in  the  telephone  circuits  but  little,  if 
any.     Therefore,    regular   transpositions   in   the   telephone 
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circuits  should  be  located  at  these  neutral  points,  if  neces- 
sary, to  eliminate  cross-talk;  whereas  transposition  should  be 
located  at  intermediate  points  to  eliminate  disturbances  due 
to  the  foreign  circuits.  A  sligfht  deviation  of  the  regular 
transposition  one  way  or  the  other  from  the  exact  points  at 
which  they  should  occur  is  immaterial.  All  telephone  cir- 
cuits should  be  transposed  at  a  point  midway  between  trans- 
formers and  midway  between  arc  lamps,  in  order  to  eliminate 
disturbances  due  to  alternating-current  and  arc-light  circuits, 
as  well  as  at  points  where  it  is  necessary  to  transpose  the 
telephone  circuits  to  eliminate  cross-talk.  Induction  due  to 
a  single-wire,  series,  arc-light  circuit  represents  one  of  the 
worst  cases  of  trouble  to  be  met  with  in  practice. 

38.     An  idea  as  to  how  to  make  transpositions  to  elimi- 
nate  cross-talk  and  also  disturbances  from  a  neighboring 
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arc-light  and  alternating-current  circuit  may  be  obtained  by 
considering  Fig.  26,  in  which  3-4  is  a  constant-current  arc- 
light  circuit  with  a  lamp  at  c  and  loops  a,  d  running  to  other 
lamps.  IV,  W  are  transformers  on  a  constant-potential 
alternating-current  circuit  with  secondary  circuits  d^e,  T,  T* 
are  the  regular  telephone  transpositions,  while  Z",  Z",  Z",  T 
are  transpositions  properly  located  midway  between  changes 
in  the  other  circuits  to  reduce  the  noise  that  the  foreign 
circuits  might  induce  in  the  telephone  circuit. 

The  following  general  rule  may  be   given  to  cover  all 
cases.     Treat   as   one    section    the   distance   between    two 
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consecutive  changes  of  any  character  in  any  of  the  disturbing 
circuits,  and  transpose  all  the  telephone  wires  at  the  middle 
of  each  such  section.  These  changes  or  discontinuities  in 
the  disturbing  circuits  occur  where  an  arc  light,  for  example, 
is  inserted  in  one  of  the  circuits,  or  where  a  transformer  is 
bridged  across  the  alternating-current  circuit,  or  where  any 
of  the  circuits  change  abruptly  in  direction  or  distance  from 
the  telephone  circuits,  or  where  additional  alternating-current 
circuits  begin  to  parallel  the  telephone  lines,  or  where  any 
of  the  disturbing  circuits  are  transposed. 

There  is  comparatively  little  trouble  from  metallic  alter- 
nating-current circuits  at  a  distance  of  35  to  40  feet  from  the 
telephone  line,  such  as  would  occur,  for  example,  when  the 
telephone  line  is  on  the  opposite  side  of  the  street  from  an 
alternating-current  line.  The  two  systems  usually  may  run 
along  parallel  with  each  other  at  such  a  distance  apart  for  a 
mile  before  induction  disturbances  become  serious.  A  single 
arc-light  wire  becomes  troublesome  if  it  runs  parallel  and 
close  to  the  telephone  line  for  only  a  few  hundred  feet. 


DISTURBANCES    FROM    HIGH-POTENTIAL.  CIRCUITS 

39,     Transposition  of  Hi^h-Potential   Circuits, 

Frequently  high-potential  systems  are  transposed  for  their 
own  protection.  When  telephone  circuits  are  run  on  such 
pole  lines,  the  transpositions  in  the  power  circuits  may  be 
used  to  reduce  induction  in  the  telephone  circuits;  but  in  the 
case  of  separate  telephone  circuits,  on  a  parallel  pole  line  of 
separate  ownership,  it  seems  wiser  to  treat  such  transpositions 
as  neutral  points — to  be  opposite  the  junction  of  two  trans- 
position sections  of  the  telephone  line.  In  general  the  induc- 
tion from  a  three-phase  line  is  slightly  greater  than  from  a 
single-phase  line  having  the  same  wire  spacing  and  current  per 
wire.  An  explanation  of  the  terms  used  here  in  connection 
with  lighting,  power,  and  high-potential  transmission  systems 
is  beyond  the  scope  of  this  Course.  The  separation  between 
the  wires  should  be  as  small  as  is  consistent  with  the  length 
of  span.  It  seems  to  be  fairly  general  practice  to  transpose 
high-potential  systems  twice  within  a  section  of  length  /,  as 
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in  Fig.  27,  where  two  complete  sections  are  shown.  The 
length  of  a  section  /  is  usually  3  miles  at  least.  On  that 
account  it  is  difficult  to  make  use  of  the  power-line  trans- 
positions to  eliminate  noise  in  the  telephone  line,  and  it  is 
usually  necessary  to  transpose  the  telephone  line  at  points 
midway  between  the  power-line  transpositions. 

40.  Fig.  27  illustrates  a  single,  metallic,  telephone  line 
exposed  to  a  three-wire  circuit,  which  may  be  considered  as 
part  of  a  three-wire  Edison  system,  or  a  three-phase  trans- 
mission line,  or  a  three-wire  two-phase  line.  Two  trans- 
positions of  the  three-wire  circuit  are  necessary  in  this  case 
in  each  section,  each  exposure  being  one-third  of  the  total 
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length  of  exposure.  Thus,  the  two-wire  telephone  line  is 
exposed  in  each  section  /  to  three  consecutive  sections  of 
the  three-wire  line  in  such  a  manner  that  the  total  current  due 
to  both  electrostatic  and  electromagnetic  induction  vanishes. 
In  general,  the  transposition  of  a  circuit  having  n  wires  will 
require  («  — 1)  transpositions,  the  distance  from  one  end  of  the 

section  of  exposure  to  the  first  transposition  being  -th  of  the 

n 

total  length  of  a  section  of  exposure,  and  each  successive 

transposition  occurring  at  a  regular  interval  of  -th  of  the 

n 

total  length  of  a  section. 

41.  Where  telephone  lines  have  been  run  parallel  with 
transmission  lines  along  highways,  separated  by  15  or  20 
feet,  or  by  the  width  of  the  highway,  the  following  practice 
has  been  employed:  All  the  telephone  circuits  are  transposed 
at  every  tenth  pole,  the  cross-talk  transpositions  occurring 


36  LINE  DISTURBANCES  §10 

midway,  so  that  transposition  poles  are  five  spans  apart, 
the  cross-talk  and  the  induction  transposition  poles  alterna- 
ting. This  practice,  while  it  is  somewhat  uncertain  of 
producing  the  best  results,  is  probably  best  suited  to  cer- 
tain requirements — where,  for  example,  the  method  of  sec- 
tions would  not  produce  any  better  results  because  of  the 
physical  unevenness  and  crookedness  of  the  right  of  way. 

42.  Both  Circuits  on  Same  Pole.Iilne. — On  a  long 
high-potential  pole  line  it  is  usually  very  desirable  to  have 
also  one  telephone  circuit.  In  Montana  there  is  a  power  cir- 
cuit in  operation  at  50,000  volts,  and  there  is  a  possibility  of 
going  as  high  if  not  higher  than  80,000  volts.  For  the  long- 
distance transmission  of  power,  it  is  quite  customary  to  use 
high-potential  systems  requiring  three  wires,  that  is,  three- 
phase  systems.  From  a  paper  presented  to  the  American 
Institute  of  Electrical  Engineers  by  Mr.  P.  M.  Lincoln,  the 
following  is  abstracted. 

43.  Although  a  proper  system  of  transposition  will  pre- 
vent the  establishment  of  an  electromagnetically  induced 
electromotive  force  between  the  two  telephone  wires,  it  does 
not  necessarily  prevent  the  two  wires  from  assuming  an  elec- 
trostatic potential  that  differs  from  that  of  the  earth.  In  a 
properly  transposed  system,  each  telephone  wire  is  the  same 
average  distance  from  each  power  wire.  The  potential,  there- 
fore, that  the  telephone  system,  as  a  whole,  tends  to  assume 
from  the  electrostatic  induction  of  the  power  wires  is  that  of 
the  neutral  point  of  the  power  system.  By  neutral  point  is 
meant  that  point  between  which  and  each  of  the  power  wires 
the  average  electromotive  force  is  the  same.  Under  normal 
conditions,  this  neutral  point  is  at  ground  potential.  If, 
however,  leakage  takes  place  from  one  of  the  power  con- 
ductors to  ground,  this  neutral  point  will  differ  in  potential 
from  the  ground,  and  the  amoimt  of  this  difference  becomes 
greater  as  the  resistance  of  the  leak  becomes  less.  In  a 
three-phase  system,  when  the  resistance  of  this  leak  becomes 
zero,  that  is,  when  one  live  wire  becomes  dead-grounded,  the 
maximum  difference  of  potential  between  the  neutral  point 
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nd  ground  occurs,  and  is  58  per  cent,  of  the  power-circuit 
bitage.  In  a  20.000-volt  system,  for  instance,  there  may 
^ist  a  potential  of  nearly  12,000  volts  between  the  neutral 
>iDt  and  ground.  When  the  neutral  point  of  the  power  line 
llflers  in  potential  from  the  ground,  an  electrostatic  diflfer- 
Bce  of  potential  tends  to  exist  between  the  telephone  wires 
Ind  the  earth,  and  will  exist  if  the  insulation  of  the  telephone 

rcuit  is  perfect. 
I  The  amount  of  this  electrostatic  potential  between  the  tele- 
e  circuit  and  the  earth  will  depend  on  the  relative  capac- 
ities between  power  and  telephone  lines  on  the  one  hand  and 
between  telephone  line  and  earth  on  the  other.  The  power 
and  telephone  lines  may  be  considered  as  opposite  plates  of 
one  condenser,  and  the  telephone  line  and  ground  as  opposite 
plates  of  another  condenser.  These  two  condensers  being  in 
series,  they  will  distribute  the  total  electromotive  force  in 
inverse  ratio  to  their  capacities.  With  the  usual  construction, 
the  capacity  between  the  telephone  line  and  ground  will  not  be 
less  than  thai  between  the  telephone  and  power  wires,  so  that 
the  potential  of  the  telephone  wires  above  pround  will  be  equal 
to  at  least  one-half  the  potential  of  the  power-line  neutral  point 
above  the  ground.  A  grounded  power  line  may  thus  cause  a 
potential  between  the  telephone  wires  and  ground  thai  will 
reach  well  into  thousands  of  volts,  and  even  a  bad  insulator 
may  cause  an  electromotive  force  of  hundreds  of  volts.  In 
Hits  connection,  it  is  significant  to  note  that  in  the  great 

tjority  of  cases  the  telephones  become  inoperative  when  a 
mod  occurs  on  the  power  lines.     This  is  to  be  expected 
ause  few  telephone  lines  are  built  to  stand  up  under  a 
strain  of  even  1,000  volts,  let  alone  5.000  or  10.000  volts  to 
ground.     The  first  voltage  strain  comes  not  between  tele- 
phone  wires,   but   between   the   two   telephone   wires   and 
Uund.     If  a  breakdown  of  its  insulation,  either  partial  or 
tnplete,  occurs  at  some  point  and  a  partial  ground  results, 
e  side  of  the  telephone  circuit  on  which  a  break  may  occur 
Bcharges  to  ground  either  partially  or  completely,  and  the 
rire  must   discharge  through  the  telephones  to  the 
me  partial  ground. 
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The  points,  therefore,  that  deserve  careful  consideration 
in  the  installation  and  operation  of  a  telephone  line,  when  it 
is  to  be  operated  in  proximity  to  a  high-tension  transmission 
line,  are  the  following:  (1)  high  insulation,  (2)  proper  trans- 
positions, (3)  use  of  bridging  telephones  instead  of  series- 
telephones,  (4)  making  static  capacity  of  telephone  wires  to 
ground  as  great  as  possible  and  capacity  to  power  wires  as 
small  as  possible. 

44.  High  Insulation. — Insulation  is  put  first  as  being 
the  point  of  first  importance.  A  ground  on  the  transmission 
line  is  going  to  produce  either  a  high  potential  or  trouble  on 
the  telephone  line.  There  is  no  reason  why  the  telephone 
wires  will  not  transmit  speech  properly,  even  if  they  do  differ 
in  potential  from  the  ground.  But  to  obtain  this  result, 
disturbing  currents  from  the  line  wires  to  earth  must  be  pre- 
vented by  perfect  insulation.  When  it  is  realized  that  the 
potential  between  the  telephone  line  and  ground  may  be  as 
high  as  30  per  cent,  of  the  potential  between  power  wires,  the 
importance  of  insulation  will  be  better  understood.  By  insu- 
lation, too,  is  meant  the  insulation  throughout  the  entire  line. 
There  is  little  use  in  supporting  the  telephone  wires  on  the 
poles  with  glass  insulators  capable  of  standing  15,000  or 
20,000  volts,  and  then  inside  buildings  attaching  them 
directly  to  woodwork  that  may  be  damp,  or  to  an  instrument 
mounted  on  a  damp  brick  wall.  Above  all,  there  is  no  use 
in  putting  up  a  line  that  may  be  able  to  stand  a  test  of  15,000 
or  20,000  volts,  and  then  attach  to  this  same  line  a  lightning 
arrester  that  will  break  down  at  about  300  volts,  as  the 
standard  telephone  lightning  arrester  is  expected  to  do. 

When  providing  high-tension  insulation  for  the  telephone 
line,  the  insulation  of  the  man  using  it  should  not  be  for- 
gotten. This  insulation  of  the  telephone  user  is  advisable, 
not  only  to  protect  him  from  the  induced  voltage,  but  also  to 
protect  him  in  case  of  a  cross  with  the  power  line.  The 
induced  voltage  is  not  so  dangerous  as  its  amount  would 
indicate,  because  the  current  is  limited  to  that  which  can 
pass  through  a  condenser  consisting  of  the  power  line  as  one 


110 


AND  TRANSPOSITIONS 


plate,  and  the  telephone  line  as  Ihe  other.  It  may  be  noted 
that  the  telephone  insulation  is  subjected  to  high  strains 
only  when  the  power  line  is  grounded  or  heavily  unbalanced 
statically.     This  is  just  the  time,  however,  that  uninterrupted 

^^ier^'ice  of  the  telephone  line  is  likely  to  be  of  the  utmost 

^Bhnportaace. 

^H  45.  Proper  TransposItloDS. — The  necessity  of  trans- 
^^Kjsing  the  telephone  line  is  almost  so  apparent  as  not  to  need 
comment;  otherwise,  continuous  disturbances  will  exist,  due 
both  to  electromagnetic  and  electrostatic  effects.  So  far  as 
the  telephone  line  is  concerned,  transposition  of  the  power 
wires  is  not  so  important.  An  iinlransposed  power  line  cannot 
caase  either  electrostatic  or  electromagnetic  disturbances 
between  two  properly  transposed  telephone  wires,  but  only 
between  these  two  wires  and  ground.  If  one  side  of  the 
telephone  line  becomes  grounded,  it  will  be  noisy.  The 
amount  that  the  statically  balanced  untransposed  power  line 
1  elevate  the  telephone  wires  above  the  ground  potential, 
^is  small  compared  to  the  effect  of  the  power  line  when 
latically  unbalanced,  whether  transposed  or  untransposed. 
[  the  telephone  line  is  insulated  to  meet  the  worst  condi- 
tons,  it  will  be  ample  to  meet  the  normal  condition  of  an 
[ntransposed  power  line. 
46.  Use  of  BridKtDe  Instead  of  Serles-Tetephoues. 
The  usual  advantage  of  bridging  over  series-telephones  has 
been  considered  elsewhere.  It  has  also  been  shown  that  the 
insertion  of  a  series-lelephone  in  a  properly  transposed  and 
balanced  line  will  unbalance  the  circuit  and  probably  make 
:  telephones  noisy,  whereas  bridging  telephones  rather 
md  to  reduce  the  noise.  Hence,  bridging  telephones  should 
s  used. 

'  47.  rapacity  Between  Clrenlts. — The  capacity  of 
>hone  wires  to  earth  should  be  made  as  great  as  possible, 
Ind  that  of  telephone  wires  to  power  wires  as  small  as  pos- 
Ible.  With  the  usual  construction  of  long-distance  trans- 
lUSSiOQ  circuits,  the  potential  of  the  telephone  wires  may  be 
20,000   to   25,000   volts   above   ground.     The   total 
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voltage  between  the  neutral  point  of  the  power  wires  and 
ground  may  be  considered  as  acting  across  two  condensers, 
one  consisting  of  the  power  and  telephone  wires,  and  the  other 
the   telephone  wires  and  earth.     To  decrease  the  possible 
potential  of  the  telephone  wires  to  ground,  therefore,  one 
must  either  decrease  the  capacity  between  the  power  wire 
and  the  telephone  wire,  or  else  increase  the  capacity  between 
the  telephone  wire  and  the  earth,  or  both.     This  may  be 
accomplished  by  increasing  the  distance  between  power  and 
telephone  wires,  and  decreasing  the  distance  between  tele- 
phone wires  and  earth.     If  the  same  supporting  structure  is 
used,  there  is  a  limit  to  which  this  can  be  carried,  and  even 
then  the  possible  voltage  between  the  telephone  wires  and 
earth  may  be  prohibitive.     The  capacity  of  the  telephone- 
wire  earth  condenser  may  be  still  further  increased  by  bring- 
ing the  earth  to  the  telephone  wires,  instead  of  the  telephone 
wires  to  earth.     That  is,  one  or  more  ground  wires  may  be 
run  in  close  proximity  to  the  telephone  wires,  thereby  increas- 
ing the  capacity  of  the  telephone-wire  earth  condenser  to 
almost   any   desired    limit.      By   this   means,  the   possible 
potential  between  telephone  wires  and  earth  may  be  brought 
within  limits  where  it  may  be  taken  care  of  with  safety. 

48,  Disturbances  from  high-voltage  alternating-current 
transmission,  lighting,  or  power  circuits  are  sometimes  very 
difficult  to  eliminate.  When  the  circuits  are  evenly  balanced 
and  free  from  grounds,  crosses,  etc.,  it  is  possible  to  have  a 
neighboring  telephone  circuit  free  from  disturbances. 

On  one  40,000-volt  three-phase  transmission  line,  142  miles 
long,  there  were  two  circuits  of  six  wires  each.  The  three 
wires  of  each  circuit  were  given  one-third  turn  in  opposite 
directions  at  every  mile,  and  the  telephone  line,  which  was 
5  feet  below  the  power  wires,  was  not  transposed  at  all  and 
yet  was  quiet  when  all  circuits  were  in  good  order.  Some 
claim  that  the  proper  spiraling  or  transposing  of  the  power 
wires  is  more  important  than  transposing  the  telephone  wires. 
Telephone  lines  may  even  become  disagreeably  noisy  when 
subjected    to    electrostatic    induction    from    a   neighboring 
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t-volt  system,  when  one  of  the  wires  is  accidentally 
Eounded.  When  there  is  trouble  in  a  telephone  circuit  due 
\  a  partial  or  dead  ground  on  a  high-potential  power  circuit, 
tout  the  only  remedy  for  the  telephone  man  is  to  wait  for 
i  power  company  to  remove  the  cause  of  the  trouble. 


DISTURBANCES  IN   GROUND  AND  COMMON 

RETURN    SYSTEMS 

f  49.     Ground  Return. — The  cross-talk  between  grounded 

rial  Hues  of  considerable  length  will  ordinarily  be  serious, 

and  there  is  no  means  of  eliminating  it  by  transposing.    They 

may  be  operated  for  short  lengths  of  a  mile  or  so,  without 

interference  from  cross-talk,  if  very  low  power  (not  very 

sensitive)   receivers  are  used.       For  greater  lengths,  there 

will  be  serious  cross-talk,  and  the  low-power  receiver  is  still 

lecessary  to  remove  extraneous  inductive  disturbances, 

I  It   is  possible  sometimes  to  lay  out  transposition  points 

[  which  grounded  repeating  coils  are  inserted.      This  is 

Iteresting   only   as   a   theoretical    proposition,    because   it 

tduces  the  efficiency  and   renders   line  maintenance   very 

GScuU. 

I  50>     Common  Return. — If  a  common-return  system  is 

mstructed  free  from  ground  connections,  with  the  exception 
{  a  single  ground  connection  that  is  sometimes  placed  on 
i  common-return  wire  at  the  central  office,  trouble  from 
I  currents  and  from  leakage  from  electric-railway  lines 
other  grounded  circuits  Is  eliminated  if  the  work  is 
t)perly  done.  With  the  common-return  system,  an  exact 
iducttve  balance  between  the  common-return  wire  and  the 
prious  line  wires  cannot  be  obtained  in  practice,  for  it  is 
!  that  the  common-return  wire  cannot  be  so  spaced 
pth  regard  to  all  the  other  wires  as  to  render  an  equal 
:tive  influence  on  it  and  on  all  the  other  wires.  How- 
Ihis  condition  can  be  fairly  well  approximated  by 
^tiDg  the  common-return  wire  as  near  the  center  of  the 
^er  wires  as  possible.     For  long-distance  lines,  however. 
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it  is  impossible  to  secure  freedom  from  cross-talk  by  means 
of  the  common-return  system,  and  therefore  it  should  not 
be  used. 

51.  Distance  Between  Telephone  and  Disturbing 
Circuits. — If  two  grounded  circuits  run  parallel  with  each 
other,  a  series  of  experiments  performed  by  Mr.  Preece, 
of  England,  seem  to  show  that  making  and  breaking  one 
circuit  can  be  detected  with  a  receiver  connected  in  the  other 
circuit,  provided  that  the  distance  separating  the  two  circuits 
is  not  greater  than  the  length  of  the  parallel  portion  of  either 
circuit.  If  the  circuit  were  so  shortened  that  the  distance 
between  the  two  was  greater  than  the  length  of  either,  no 
sound  could  be  detected  in  the  receiver.  The  results  of 
these  experiments  are  useful  in  running  telephone  leads  into 
a  building  where  it  is  necessary  to  run  parallel,  and  close  to, 
electric  light  or  power  circuits.  Very  often,  noise  in  the 
telephone  circuit  is  caused  entirely  by  the  proximity  of  the 
telephone  wires  in  the  building  to  an  electric  light  or  power 
circuit.  However,  if  the  length  of  the  telephone  wire  that 
runs  parallel  or  approximately  parallel  to  the  electric  light 
or  power  circuit  is  kept  shorter  than  the  distance  between 
the  two  circuits,  trouble  due  to  induction  from  the  electric 
light  or  power  circuit  will  seldom  be  produced.  This  cannot 
be  relied  on  to  always  be  the  case,  because  the  strength  of 
the  induced  current  will  also  depend  on  the  intensity  of  the 
current  in  the  electric  light  or  power  circuit  and  on  the  rate 
with  which  it  varies. 
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THE  HUMMING  OF  WIRES 

52.  The  disturbance  commonly  known  as  humiuing:  is 
due  entirely  to  the  mechanical  vibration  of  the  wires.  It  can 
generally  be  eliminated  without  the  use  of  antihum  devices, 
by  having  the  service,  or  drop,  wire  rather  slack.  If  too 
much  slack  is  undesirable,  the  use  of  a  wire  of  heavier  gauge, 
say  No.  8  or  9,  with  moderate  tension  will  generally  prove 
effective.  Humming  may  be  prevented  by  breaking,  in  some 
manner,  the  uniform  direct  mechanical  connection  between 
the  line  wire  and  the  building  to  which  the  drop  line  is 
attached  and  where  the  humming  causes  annoyance. 


ANTIHUM  DEVICES 

53.  All  of  the  antihum  devices  are  based  on  the  plan 
of  surrounding  the  troublesome  wire  with  rubber  or  other 
insulating  substances  that  will  take  up  the  vibrations.  Hum- 
ming may  sometimes  be  prevented  by  splicing  a  piece  of 
insulated  wire  to  the  line  wire,  and  fastening  the  insulated 
wire  around  the  insulator  so  that  the  vibrations  from  the  line 
wire  are  not  directly  communicated  to  the  insulated  wire 
running  to  the  building.  Another  plan  is  to  splice  a  piece  of 
heavily  insulated  No.  14  copper  wire  to  the  bare  drop  line, 
the  joint  being  made  just  before  the  drop  line  reaches  the 
insulator  attached  to-  the  house.  The  insulated  No.  14 
copper  wire  is  then  secured  to  the  insulator  in  any  desirable 
manner,  the  loose  end  of  the  insulated  wire  being  run 
through  the  wall  and  to  the  telephone,  care  being  taken  to 
leave  it  quite  slack  outside  the  wall. 

A  very  simple  antihumming  device  consists  of  about 
6  feet  of  l-ihch  Manila  rope  cut  in  the  drop  wire  near  the 
house.  A  piece  of  insulated  wire  is  used  to  connect  the  two 
ends  of  the  drop  wire  across  the  rope. 
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Mr.  A.  V.  Abbott  says  that  hummingf  may  be  prevented 
wrapping  the  troublesome  wire  with  a  piece  of  soft  rubt 


about  8  inches  longf,  and  then  enclosing  the  same  with 


by 

Der 

a 


piece  of  sheet  lead.     A  tie-wire  should  be  treated  in  t-  Ihe 


Fig.  28 

same  manner  and  used  to  tie  the  line  wire  securely  to  tbe 
insulator,  as  shown  in  Fig.  28. 

54,  English  Antihum  Device. — The  arrangement 
shown  in  Fig.  29  is  said,  by  a  writer  in  The  American  Tele- 
phone Journal,  to  be  quite  extensively  used  in  England  to 
prevent  the  vibration  of  a  telephone  line  wire  from  being 
communicated  to  the  building  to  which  it  is  attached.    As 


Fig.  29 

shown  in  the  figure,  the  line  wire  is  cut  about  18  inches 
from  the  insulator,  where  a  hard  wooden  ball  with  a  double 
groove  is  inserted,  the  continuity  of  the  line  wire  being 
maintained  by  bridging  over  the  wooden  ball  with  a  piece  of 
insulated  wire. 


LONG-DISTANCE  TELEPHONY 


UPIN'S  SYSTEM    OF   LONG-DISTANCE 
TRANSMISSION 

fITJNO  UISTANCK  OF  TRANSMISSION  OP  TELE- 
PHONE CURRENTS 

1.  To  increase  the  limits  of  long-distance  telephone 
isroission  is  a  subject  that  has  actively  interested  tele- 
ine  engineers  since  about  1890.  The  limits  of  telephonic 
ismission   depend   on    the   nature    of   the    circuit   used. 

th  open-wire  lines,  conversations  can  be  successfully  car- 
1  on  over  a  distance  of  about  1,500  miles  under  favorable 
iditlons.     It  has  been  stated,  but  also  denied,  that  suc- 

isfal  conversations  cannot  be  held  over  an  ordinary,  bare, 
irhead,  copper-wire  line  weighing  175  pounds  per  mile  over 
re  than  400  miles;  nor  through  a  43.5-pound-per-mile,  bare, 
iihead,  copper-wire  line  over  more  than  1.000  miles.  As 
1  distance  depends  also  on  the  power  of  the  transmitters, 
sitiveness  of  the  receivers,  distance  between  wires,  and 
Qlation  resistance,  such  statements  cannot  always  be 
ed  on.  The  greatest  distance  over  which  articulate  speech 
be  clearly  heard  through  an  ordinary  submarine  telephone 
]e  is  usually  considered  to  be  from  18  to  20  miles,  and 
,  over  78  miles  through  an  ordinary,  lead-covered,  paper- 
ulated,  telephone  cable  for  underground  or  overhead  use. 

I.  Four  factors  that  reduce  the  distance  over  which 
ech  can  be  Iransoiitted  are:  the  resistance  of  the  line  con- 
dors, the  insulation  resistance  of  the  line,  its  inductance, 
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and  its  capacity.  The  conductor  resistance  acts,  according 
to  Ohm's  law,  to  reduce  the  amount  of  available  current  at 
the  receiving:  end.  The  insulation  resistance  is  a  factor  that 
determines  the  amount  of  leakag:e  from  the  line  and  therefore 
affects  the  amount  available  at  the  receiving  end.  The  fac- 
tors, capacity  and  inductance,  which  under  certain  conditions 
tend  to  reduce  the  amount  of  available  energy  at  the  receiv- 
ing station,  act  in  a  different  manner  from  the  two  already 
mentioned. 

Capacity  tends  to  reduce  the  amount  of  useful  current  by 
setting  up  an  electrical  stress  in  the  surrounding  medium. 
Every  conductor  acts  as  a  condenser,  the  wires  forming  the 
conducting  plates  and  the  surrounding  medium  the  insulation. 
In  the  case  of  an  open-wire  line,  the  shortest  distance  between 
conductors  is  usually  1  foot,  and  the  insulating  medium  is  the 
surrounding  air,  the  insulators,  the  pins,  and  the  cross-arms. 
Owing  to  the  fact  that  the  conductors  are  separated  from  each 
other  by  a  considerable  distance,  the  capacity  of  a  bare  over- 
head line  is  very  small.  In  the  case  of  a  cable,  however, 
where  the  conductors  are  closely  bunched  together,  and  the 
insulating  material  is  paper,  cotton,  wool,  or  rubber,  the 
capacity  is  much  higher,  averaging  about  .08  microfarad 
per  mile  of  length  for  a  dry-core  paper  cable..  In  the  case 
of  a  submarine  cable,  which  is  everywhere  in  close  contact 
with  that  conductive  element,  water,  there  exists,  in  addition 
to  the  capacity  between  the  conductors,  a  capacity  between  the 
conductors  as  a  whole  and  the  lead  sheath  or  iron  ^rmor  that 
is  in  contact  with  the  water.  The  result  is  that  the  capacity 
of  this  type  of  cable  is  much  higher  than  that  of  the  cable 
used  on  land. 

The  self-induction  of  a  circuit  tends  to  reduce  the  amount 
of  available  current,  by  setting  up  a  counter-electromotive 
force  of  self-induction,  which  tends  not  only  to  retard  the 
current  flow,  but  also  to  smooth  down  the  peaks  of  the  cur- 
rent waves.  Moreover,  this  retarding  effect  is  more  marked 
for  currents  of  high  periodicity  than  for  those  of  a  lower 
periodicity.  The  result  is  that  the  former  are  retarded  by 
inductance  more  than  the  latter.     Since  the  currents  of  higher 
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riodiLnt>-  correspond  to  the  higher  pitches  of  the  human 
ice,  the  lower  tones  predominate  at  the  receiving  end.  and 
iculate  speech  is  rendered  very  imperfect  or  destroyed 
together. 

3.  Of  the  four  factors  already  enumerated,  the  first  two, 
inductor  resistance  and  insulation  resistance,  form  a  class 
ipresenting  wasted  energy.  Using  the  mechanical  aua- 
ijnie,   they  correspond   to  friction,   or  mechanical   energy 

insformed  inlo  heat.  The  setting  up  of  an  electrostatic 
ress  in  a  medium  surrounding  a  conductor,  or  the  setting 
I  of  a  counter-electromotive  force  in  this  medium,  means 
B  storing  up  of  energy,  and  hence  the  work  so  done  cannot 
said  to  be  wasted.  It  therefore  remains  to  devise  some 
icans  of  recovering,  in  the  shape  of  a  useful  current,  as  much 
possible  of  the  energy  so  stored  up. 

Having  in  mind  the  fact  that  the  counter-electromotive  force 
I  self-induction  acts  in  a  direction  opposite  to  that  of  the 
:ctrostatic  capacity,  it  was  suggested  thai,  if  electromagnets 
f  high  inductance  could  be  placed  in  the  conductors  of  a  cable 
t  intervals  throughout  its  length,  they  would,  by  increasing 
ic  inductance  of  the  conductor,  tend  to  offset  the  capacity 
the  cable.  The  use  of  electromagnets  placed  at  intervals 
s  suggested  because  it  seemed  impossible  to  make  a  cable 
conductors  would  have  a  sufficiently  uniform  induct- 
ice  throughout  their  length,  and  it  was  supposed  that  these 
Bctromagnets  would  have  the  same  eflect  on  the  conductors 
.  if  their  inductance  were  uniform.  Experiments  on  cables 
a  designed  were  made  in  England  by  Sylvaniis  P.  Thomp- 
in.  Sir  Oliver  Heavyside,  and  others,  but  with  far  from 
icouraging  results.  So  far  from  the  electromagnels  being 
•neGcial.  it  was  found  that  a  circuit  so  loaded  dowi  would 
ot  produce  as  good  results  as  it  did  without  the  coils.  In 
ime  cases,  transmission  was  utterly  impossible  with  the 
Ills  in  circuit. 

4,  The  question  then  arose,  under  what  conditions  is  a 
rcuit  loaded  at  intervals  with  coils  possessing  counter-elcc- 
omotive  force  oC    self-induction  equivalent  to  a  circuit 
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• 

possessing:  the  same  counter-electromotive  force  of  self- 
induction  uniformly  distributed  throughout  its  length.  This 
was  the  problem  solved  by  Prof.  M.  I.  Pupin,  and  on  its 
solution  is  based  his  system  of  long-distance  transmission. 
In  order  to  successfully  comprehend  the  nature  of  this  solu- 
tion, it  is  necessary  to  study  the  transmission  of  electrical 
waves  over  circuits.  The  most  important  point  to  consider, 
first  of  all,  is  the  nature  of  the  reaction  or  reactions  of  the 
electrical  circuit  to  the  impressed  disturbance.  As  a  means 
of  assistance,  therefore,  in  the  proper  understanding  of  the 
subject,  the  nature  of  mechanical  wave  transmission  will  be 
taken  up  first  and  the  resemblance  then  pointed  out  between 
that  and  the  wave  transmission  of  electrical  energy. 


MECHANICAIi    TRANSMISSION    OF    WAVES 

5.  Suppose  that  a  tuning  fork  has  its  handle  n,  Fig.  li 
rigidly  fixed,  one  prong  a  attached  to  one  end  of  an  inex- 
tensible  cord,  the  other  end  of  the  cord  being  fastened  at^. 
Let  the  fork  vibrate  steadily,  the  vibration  being  maintained 


in   any   convenient   manner.     If   the    frictional    resistance* 
are  not  negligibly  small — if  the   string,  for  example,  H*^ 
along  a  surface  on  which  it  rubs  as  it  vibrates,  or  if  it  han^  ^ 
slack  instead  of  being  under  tension  between  the  tuning  lo'^^ 
and  the  point  of   attachment — there  will   be   a   dissipati  ^^^ 
of  the  propagated  wave  energy,  and  the  motion  of  the  co^  ^ 
will  be  as  indicated   in  the  figure.     The  amplitude  of  t  ^^ 
waves  will  diminish  from  the  point  of  the  application  of  t^M^^ 
disturbing  force,  until  at  the  end  e  the  motion  has  altogethu  ^^ 
died  out.     The  point  of  application  being  at  a,  the  amplitu^^^ 
of  the  first  half  wave  at  this  point  is  shown  by  the  line  o   ^' 
that  of  the  second  half  wave  by  the  line  p  b\  and  that  of  tl^^ 
third  half  wave  by  the  line  gr,  and  the  wave  amplitude  co^' 
tinues  to  diminish  until  the  end  e  is  reached;  where  there  ^^ 
little  or  no  motion. 


\ 
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6.  Considering  the  energy  expended  in  causing  the  siring 
1  move,  we  observe:  First,  that  there  is  friction  to  be  over- 
;  the  energy  thus  expended  is  transformed  into  heal 
s  lost,  so  far  as  wave  production  is  concerned.  It  is 
leasured  by  the  percentage  of  the  total  energy  so  trans- 
[>nned.  Second,  there  is  the  energy  expended  in  produ- 
Ing  the  lateral  motion  of  the  string,  sometimes  called  the 
inergy  expended  in  overcoming  the  inertia  of  the  string. 
t  is  measured  by  the  percentage  of  the  total  energy  Irans- 
[>rmed  into  kinetic  energy,  that  is.  energy  due  to  motion, 
"bird,  there  is  the  elasticity  of  the  string  to  be  overcome; 

;  energy  thus  expended  is  measured  by  the  percentage 
tf  the  total  energy  used  in  stretching  tlie  string.  The 
mount  of  energy  expended  in  moving  the  string  may  be 
bown  by  the  equation 

iV=  //+/+£ 
1  which  IV  =  total  energy  supplied  to  the  string; 
//  =  energy  lost  as  heat; 

/   =  energy  expended  in  producing  lateral  motion. 
£  =  energy  expended  in  stretching  string. 

Of  these  three  quantities,  H  is  lost,  and  /,  since  it  has  put 
latter  in  motion,  is  useful  because  it  tends  to  give  back  to 
le  string  the  energy  originally  expended  in  producing  the 
iteral  motion,  hence  it  tends  to  keep  the  string  vibrating. 
t  increases  with  the  mass  of  the  string  and  with  the  velocity 
ith  which  it  is  moved  from  side  to  side;  hence,  the  greater 
le  velocity  of  the  disturbing  force  and  the  greater  the  mass  of 

1  string,  the  greater  will  be  the  energy  expended  in  pro- 
Dcing  wave  motion.  The  energy  £  expended  in  stretching 
le  string  is  not  lost,  because  the  string  will  contract  when 

t  opposing  external  force  is  removed  and  it  assisis  in 
eeping  the  string  vibrating.  By  increasing  the  elasticity 
[  the  matter  of  which  the  string  is  composed,  the  elastic 
section  is  also  increased,  and  likewise  its  power  of  trans- 
titline  wave  motion. 

U,  therefore,  the  desire  be  to  transmit  a  wave  to  the 
oint  f  of  the  string  with  as  little  decrease  in  amplitude  as 

isible,  by  agitating  its  opposite  extremity,  obviously  the 
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heat  reaction  H  must  be  made  as  small  as  possible,  while 
the  other  two  reactions  /  and  E  must  be  made  as  largfe  as 
possible.  This  can  be  accomplished  by  decreasing:  to  the 
utmost  the  friction,  and  increasing:  to  the  utmost  the  mass 
and  elasticity,  which  can  be  secured  by  substituting:  for  the 
cord  a  piece  of  clothes  line,  which  is  heavier  and  more 
elastic. 

7.  Should  it  be  necessary,  however,  to  continue  the  use 
of  the  same  string:,  the  experiment  may  be  tried  of  increasing 
its  mass  by  fastening  a  weight — say  a  ball  of  beeswax — at  the 


Pig.  2 


middle  point  of  the  string,  in  order  to  increase  the  vibrating 
mass.  This  weight  will  become  a  source  of  reflections,  and 
less  wave  energy  will  reach  the  point  e  than  before.  The 
efficiency  of  transmission  will  be  smaller  than  before  the 
weight  was  attached.  Subdivide  the  beeswax  so  as  to  give 
about  two  equal  pieces  per  wave  length,  and  place  them  at 
equidistant  points  along  the  cord,  as  shown  at  by  r,  d^  etc.  in 
Fig.  2.  The  efficiency  of  wave  transmission  will  be  much 
better  than  it  was  when  all  the  wax  was  concentrated  at  a 
single  point.     By  subdividing  still  further,  the  efficiency  will 


be  still  more  improved;  but  a  point  is  soon  reached  where 
further  subdivision  produces  an  inappreciable  improvement 
only.  This  point  is  reached  when  the  cord  thus  loaded 
vibrates  very  nearly  like  a  uniform  cord  of  the  same  mass, 
tension,  and  frictional  resistance.  Fig.  3  represents  the  vibra- 
tion of  a  cord  carrying  loads  at  about  proper  distances  apart. 
If  the  weights  are  placed  too  far  apart,  irregularly,  or  are 
too  heavy  or  too  light,  then,  instead  of  increasing  the  wave 
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nutsmission,  they  will  act  in  the  opposite  way  and  render 
le  cord  less  able  to  propagate  energy  in  this  manner  than 
ten  it  is  unloaded  altogether.  It  will  be  found  that,  when 
he  proper  total  load  is  correctly  subdivided  and  equal  parts 
laced  at  suitable  distances  apart  along  the  cord,  the  wave 
ropagation  becomes  almost  equal  to  that  in  a  uniform  cord 
I  equivalent  frictional  resistance,  mass,  and  elasticity.    With 

e  same  string,  there  is  no  convenient  way  of  increasing  the 
bslicity,  but  the  desired  result  can  be  sufficiently  accom- 
lished  by  the  proper  amount  of  loading. 

8.  Proper  Distance  Between  Loads. — Experiments 
ith  cords  of  this  kind  show  that  the  distance  between  the 
fflds  should  be  considerably  smaller  than  one-hatf  of  the 
ave  length  of  the  wave  that  is  to  be  transmitted,  so  that 
lough  a  given  cord  may  be  properly  loaded  for  some  wave 
mgth,  it  may  not  be  properly  loaded  for  shorter  wave  lengths, 
mpossible  to  load  a  cord  in  such  a  way  as  to  make  it 
Uuivalent  to  a  uniform  cord  for  all  wave  lengths;  but  if  the 
istribution  of  the  loads  satisfies  the  requirements  of  a  given 
ave  length,  it  will  also  satisfy  them  for  all  longer  wave 
ngths.  It  should  be  observed  now  that  the  wave  length 
msidered  here  is  not  the  wave  length  of  the  cord  without 

t  loads,  but  the  wave  length  that  the  frequency  under  con- 
deration  will  have  on  the  properly  loaded  cord,  or,  what 
nounts  to  the  same,  thing,  the  wave  length  on  a  uniform 
>rd  of  the  same  mass,  tension,  and  frictional  resistance  as 

!  loaded  cord.     This  point  is  of  fundamental  importance, 

'  the  wave  length  corresponding  to  a  given  frequency 
tty  and  generally  will  be  much  shorter  on  the  loaded  cord 
1  the  cord  without  the  loads. 


TRANSMISSION    OF    ELECTRICAL    WAVES 

9.  Comparing  now  the  wave  propagation  of  a  string  with 
:  wave  propagation  in  an  electric  circuit,  it  will  be  seen 

t  the  following  analogies  exist:  A  circuit  on  which  is 
[pressed  a  simple  harmonic  electromotive  force  has  three 

:tions.     The  first  is  the  reaction  due  to  conductor  and 
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insulation  resistance,  and  is  measured  by  the  amotmt  of 
energ:y  used  and  wasted  in  producing  heat;  this  is  equivalent 
to  the  heat  reaction  in  the  case  of  the  string.     The  second 
reaction  is  the  inductance  reaction,  or  the  counter-electro- 
motive force  of  self-induction,  as  it  is  more  frequently  called; 
this  represents  the  amount  of  energy  used  in  producing  a 
magnetic  field  about  the  circuit,  and  is  not  wasted  because  the 
energy  stored  in  this  magnetic  field  can  be  made  to  give  back 
to  the  circuit  the  current  that  produced  it.     This  corresponds 
to  the  inertia  reaction  in  the  case  of  the  string.     The  third 
reaction  is  the  capacity  reaction,  which  represents  the  amount 
of  energy  used  in  producing  an  electric  stress  between  the 
conductor  and  the  surrounding  medium.     Like  the  induct- 
ance reaction,  this  latter  does  not  represent  lost  energy,  since 
the  potential  of  the  electric  stress  so  set  up  can  be  made  to 
give  back  to  the  circuit  the  current  that  produced  it.    This 
corresponds  to  the  elastic  reaction  of  the  string. 

lO,     The  amount  of  energy  supplied  the  circuit  may  be 
expressed  by  the  following  formula: 

W  =  H'  ^  r  ^  E' 
in  which    W  =  total  energy  supplied  to  the  circuit; 

H'  =  energy  expended  in  producing  heat  reaction; 
/     =  energy  of  inductance  reaction; 
E    i=  energy  of  capacity  reaction. 

In  order,  as  in  the  case  of  the  string,  to  get  a  maximum 
amount  of  energy  transformed  into  the  two  useful  reactions, 
a  minimum  resistance  must  be  secured  by  reducing  the  resist- 
ance of  the  line  and  improving  the  insulation  as  much  as 
possible.  In  the  case  of  an  electric  current,  the  reduction 
of  the  resistance  requires  an  increase  in  the  diameter  of  the 
conductor  or  the  use  of  a  material  of  higher  conductivity. 
A  point  is  very  soon  reached,  however,  beyond  which  the 
conductor  cannot  be  increased  in  size  on  account  of  the 
extra  cost,  and  it  is  not  commercfelly  practicable  to  use  a 
material  of  higher  conductivity  than  copper,  so  that  the 
resistance  reaction  cannot  be  reduced  beyond  a  fixed  limit. 
Means  must  therefore  be  taken  to  increase  the  two  useful 
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lactions  in  order  to  make  the  percentage  of  enersj'  used 
}  in  their  eslabltshment  as  high  as  possible  with  respect  to 
lat  represented  by  the  other. 

The  iuductance  reaction  varies  directly  with  the  self-lnduc- 
an  of  the  circuit,  so  that  by  increasing  this  quantity  its 
action  is  also  increased.  The  capacity  reaction  on  the 
mtrary  varies  as  the  reciprocal  of  the  capacity  of  the  circuit, 
» that  by  reducing  the  capacity  its  reaction  is  increased, 

11.     It  has  been  found  that  the  inductance  and  the  capac- 

ly  of  a  line  can  be  varied   so  little  on  an  ordinary  tele- 

ibone  circuit  that  no  noticeable  effects  can  be  produced  In 

r  reactions,  so  that  some  other  means  must  be  found  for 

Dcreasing  the  reactance  of  one  or  both  of  these  two  factors. 

I  other  words,  it  is  the  same  situation  as  that  in  which  the 
pass  and  elasticity  of  the  cord  had  to  be  increased  without 

langing   the   cord.      Since    the   inductance   of   the  circuit 

aild  not  be  uniformly  increased  throughout  its  length, 
ecourse  was  had  to  induction  coils  uniformly  distributed 
hruugfhout  the  circuit,  just  as  weights  had  to  be  attached 
it  regular   intervals   throughout  the  length  of   the   string. 

The  first  attempts  at  so  loading  a  circuit,  which  have  been 
Bentioned  in  electrical  journals,  resembled  the  case  where 
he  weights  on  the  cord  were  so  placed  that  they  interfered 
irith.  instead  of  assisting,  the  wave  motion.  The  proper  dis- 
;  at  which  these  coils  should  be  placed,  together  with 
heir  inductance,  was  calculated  by  Professor  Pupin  after 
he  solution  of  a  very  complex  mathematical  formula.* 

13.  The  following  discussion,  which  is  an  abstract  from 
small  portion  of  Professor  Pupin's  paper  read  before  the 
merican  Institute  of  Electrical  Ent:ineers,  May  19,  1900,  is 
■ven  to  show  under  what  conditions  a  non-uniform  conductor, 


'The  raathemaiical  discussion  of  the  theory  of  loaded  telephone  licies 
fiillv  j^ven  hv  Prof.  M,  I,  Pupin  in  the  Transactions  of  the  Ameri- 
a  lOBlituteof  Electrical  EnKineers  for  March,  1899.  and  May,  IfiOO. 
id  in  the  TransactionB  nt  Ihe  Aroericnn  Mathenintiral  Society  for 
ity,  1900,  and  hy  Dr.  G.  A.  Campbell  in  Iho  PhUosophical  MnKazino 
r  Harcta,  lW!i,  These  p^ijiiji'i  were  reprinted  in  most  electrical  peri* 
of  ktwat  the  same  date. 
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that  is,  a  properly  loaded  conductor,  is  equivalent  to  a  corre- 
sponding uniform  conductor.  Let  s  be  the  distance  between 
two  load  coils,  /  the  length  of  one  wave,  and  m^  the  angular 
distance  between  two  inductance  coils.  For  instance,  if  there 
are  5  coils  per  wave  length,  the  length  of  one  complete  wave 
being  10  miles  or  360°,  then  the  distance  between  two  coils 
is  2  miles  or  72°.  Since  a  wave  length  is  equivalent  to  360°, 
and  the  circumference  of  360°  is  2;r  for  unit  radius,  then  the 
arc,  or  angular  distance  2  tt,  corresponds  to  one  wave  length. 
Then 

m^  ^  s 

2n       I 
That  is,  the  angular  distance  between  two  coils  divided  by 
the  angular  length  of  one  wave  is  equal  to  the  linear  distance 
between  two  coils  divided  by  the  linear  length  of  one  wave. 

13.  The  law  that  determines  the  degree  of  equivalence 
between  a  non-uniform  conductor  and  its  corresponding  uni- 
form conductor  is  then  stated  to  be  as  follows:  A  non-uniform 
conductor  is  as  nearly  equivalent  to  its  corresponding  uni- 
form conductor  as  sin  ^-  is  to  ^;  that  is,  as  the  sine  of 

one-half  the  angle  w°  is  to  the  length  of  the  arc  subtending 
one-half  the  angle  ;;/°. 

It  will  be  well  to  state  here  more  fully  the  meaning  of  the 
expression  * 'equivalence  between  a  non-uniform  conductor 
and  its  corresponding  uniform  conductor.**  All  that  we 
know  about  a  wave  of  a  given  frequency  is  that  it  has  a 
certain  wave  length  and  a  certain  amount  of  attenuation. 
Hence,  if  a  wave  of  a  given  frequency  has  the  same  wave 
length  and  the  same  attenuation  on  a  non-uniform  conductor 
as  it  has  on  the  corresponding  uniform  conductor,  the  two 
conductors  are  equivalent  to  each  other.  If  these  two  quanti- 
ties differ  by,  say,  3  per  cent.,  an  approximate  equivalence 
up  to  within  3  per  cent,  exists. 

14.  Attenuation  means  the  decrease  in  intensity, 
strength,  or  amplitude  of  an  electrical  wave  between  the 
transmitting  and  receiving  ends.     Contrary  to  the  conception 
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^Bf   an    electric   current    frequentljr  held,   the   maximum   or 
^Nnean  value  of  an  alternating  or  variable  current  is  not  the 
same  in  all  parts  of  a  line  wire,  even  at  any  given  instant, 
but  decreases  gradually  as  the  distance  from  the  transmitting 
end   increases-     This  is  not  necessarily  true   for  a  steady 
Hdirect   current,    however.      This   reduction    is    due    to   the 
^ntsistance    of    the     conductors,    insulation    resistance,    and 
■improper  relative  values  of  distributed  capacity  and  induct- 
ance of  the  line  circuit. 

Dlstorilou  of  an  electrical  wave  is  due  to  the  fact  that 

some   electrical  property   (usually,  distributed  capacity)   of 

Sie  line  acts  unequally  on  the  component  waves  of  different 

tquencies  that  together  make  up  a  complex  current  wave 

representing   articulate   speech,   the   result   being   that   the 

Bge  in  the  phase  relations  and  intensity  of  the  various 

ivertunes  and  the  fundamental  tone  produces  a  change  in  the 

lape  of  the  current  waves    that   renders   the   articulation 

hlore  or  less  defective.     Increased  distance  interferes  with 

transmission   over   a   imiform  conductor,  not   only  on 

K^ccount  of  the  diminished  volume  of  the  sound  transmitted, 

but  also  on  account  of  the  rapid  loss  of  articulation.     This 

manifests  itself  at  first  as  an  apparent  lowering  of  the  pitch 

__of  the  voice. 

From  the  formula  ^  =  ^.  it  will  be  seen  that  m° 

.  inversely  proportional  to  the  wave  length  /,  so  that 
given  distance  between  the  coils  the  degree  of 
[uivalence  diminishes  as  the  wave  length  diminishes.  In 
[her  words,  the  shorter  the  wave  length  /  the  less  must  t>e 
I  distance  s  between  the  coils  to  give  the  same  value 
If  a  wave  of  complex  harmonic  fre- 

lency.  such  as  occurs  in  telephony,  be  transmitted  over  a 
□-uniform  conductor,  the  action  of  the  conductor  will  be 
llfferent  for  the  different  components  of  this  complex  har- 
ionic  wave.  If,  however,  the  non-uniform  conductor  acts 
1  sufficient  approximaiion  as  a  uniform  conductor  toward 
1  highest  important  frequency  of  this  complex  wave,  its 
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approximation  to  a  uniform  conductor  will  be  even  higher 
for  the  lower  frequencies,  and  thus  for  all  the  frequencies  of 
the  wave. 

The  following  numerical  example  will  illustrate  this  point 
more  clearly:  A  twin  conductor,  such  as  is  employed  for 
telephone  cables,  has  a  length  of  250  miles.  Let  its  con- 
stants have  the  following  values  per  mile:  inductance  =  0, 
resistance  =  9  ohms,  mutual  capacity  =  .074  microfarad. 
According  to  the  high  but  definite  standard  that  the  New 
York  Telephone  Company  employs,  the  limiting  distance  of 
telephony  over  such  a  cable  is  39  miles.  According  to  the 
lower  standard  that  is  maintained  in  long-distance  telephone 
work,  the  limit  is  78  miles.  Professor  Pupin  says  his  experi- 
ments seem  to  verify  these  figures  and  that  at  a  distance  of 
100  miles  telephony  over  such  a  cable  is  very  poor,  in  fact, 
impracticable,  and  at  a  distance  of  125  miles  impossible. 
It  is  proposed  now  to  decrease  attenuation  and  distortion 
over  such  a  cable  by  the  insertion  of  inductance  coils  at 
periodically  recurring  points. 

16.  Attenuation  Constant. — The  percentage  /  of  the 
current  leaving  the  transmitting  end  that  will  reach  the 
receiving  end  is  given  by  the  formula: 

^  "  2.718^"^  ^    ' 

in  which  d  =  length,  in  miles,  of  a  pair  of  conductors; 
B  =  number  called  the  attenuation  constant. 
By    taking   for    granted   that   one    solution   to   be    given 
presently  is  correctly  made,  this  formula,  which  requires  the 
use  of  logarithms  to  get  a  numerical  value  for/,  need  not 
be  used  by  the  reader.  "~ 

The  general  formula  for  the  attenuation  constant  is  as 
follows: 

B  =  >^r^ (  ^I^n'L*  -{-  R'  -2nnL)  (2) 

in  which  n  =  frequency; 

R  =  resistance  per  unit  length  of  circuit,  in  C.  G.  S.  units; 
L  =  inductance  per  unit  length  of  circuit,  in  C.  G.  S.  units; 
C  =  capacity  per  unit  length  of  circuit,  in  C.  G.  S.  units. 
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Professor  Pupin  states  that,  if  2  tt  »  Z  is  large  in  comparison 
to  R,  which  is  usually  the  case  during  a  conversation  for 
ordinary  line  circuits  used  in  telephony,  the  formula  for  a 
single  conductor  becomes 

(3) 


which  is  independent  of  the  frequency.  Hence,  all  frequencies 
are  attenuated  alike,  and  high  inductance  not  only  diminishes 
attenuation,  but  also  reduces  distortion. 

Furthermore,  if  C  is  the  mutual  capacity  alone,  as  in  the 
case  of  a  pair  of  conductors,  2R  and  2L  must  be  used  in 
place  of  /?  and  L  when  a  pair  of  conductors  is  under  con- 
sideration. Making  this  substitution,  and  expressing  H,  L, 
and  C  in  ohms,  henrys,  and  microfarads  per  mile,  we  get 
(according  to  Professor  Pupin) 

B  =  -^S^  (4) 

1,000  \2Z, 

Say  that  it  is  required  to  have  B  =  .0146  in  the  circuit 
under  consideration.  Assume  that  the  introduction  of  the 
inductance  coils  adds  9  ohms  per  mile,  so  that  ^  =  18  ohms. 
Substituting  these  values  of  R,  C,  and  B  in  the  last  formula 
and  solving  for  L,  we  find  that    


.0146  =  -r—z:  -Wtt-^.  hence 


18       /.074 
i;000  \2Z,' 


^  =  ;; ^'   ^.      ^  ^^^  ^^^  =  -056  henry 

2  X  .0146*  X  1,000,000  ^ 

It  may  be  well  to  state  here  that,  if  the  two  coils  for  a  pair 
of  telephone  wires  are  wound  on  the  same  spool  or  iron 
core,  one  coil  being  connected  in  series  with  each  wire,  and 
the  self-inductance  of  each  coil  is  a  henrys  and  the  mutual 
inductance  between  the  two  coils  is  b  henrys,  the  total  induc- 
tance of  each  coil  to  be  used  for  L  in  the  last  formula 
is  the  sum  of  the  mutual  and  self-inductance,  that  is,  a  -\-  b 
henrys. 

The  percentage  of  the  current  leaving  the  transmitting  end 
that  will  reach  the  receiving  end  will  be,  according  to  the 

formula, p  =  ^„^^-  =  ;r-^,^,Tr-7,^  =  .0259,  or  about  2i  per 

2.718^^       2.718***^  •"*• 
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cent.  This  is  quite  sufficient  for  telephonic  purposes;  but  it 
should  be  observed  that  better  efficiency  of  transmission 
could  be  obtained  by  making  L  larger. 

17.  The  same  cable,  having  an  inductance  of  about 
.0012  henry  and  a  resistance  of  9  ohms  per  mile,  would  only 
allow,  at  a  frequency  of  600,  about  .0004  per  cent,  of  the 
initial  current  to  reach  the  distant  end;  that  is,  the  current  at 
the  receiving  end  would  be  6,000  times  larger  >^dth  the  coils 
than  without  them.  This  can  be  verified  by  first  determining 
with  these  quantities  the  value  of  B  and  then  the  value  of  ^  by 
the  formulas  already  given. 

18.  Deterini nation  of  Wave  Lieng^h. — The  next  step 
is  to  find  the  wave  length  for  the  highest  important  fre- 
quency in  telephony  over  a  uniform  wave  conductor  having 
L  =  .056  henry,  ^  =  18  ohms,  C  =  .074  microfarad.  The 
best  telephone  practice  assumes  that  750  periods  per  second 
is  the  highest  frequency  of  any  importance.  The  length  /, 
in  miles,  of  an  electric-current  wave  over  a  uniform  con- 
ductor of  this  description  is  obtained  from  the  formula 

/  =  _JL^ooq_ 

in  which     n  =  frequency,  in  periods  per  second; 
L  =  inductance,  in  henrys  per  mile; 
C  =  capacity,  in  microfarads  per  mile. 

Example. — What  is  the  length,  in  miles,  of  a  current  wave  through 
a  uniform  conductor  whose  inductance  per  mile  is  .056  henry  and 
capacity  per  mile  is  .074  microfarad  for  a  frequency  of  760  periods  per 
second  ? 

Solution. — Substituting  in  the  formula,  we  find  / 

1.000  1.000  1,000  ,^  «c     . 

750  V2  X  .056  X  .074      750  X  V.008288      750  X  .091 

The  velocity  of  propagation  of  electrical  waves  of  tele- 
phonic frequency  over  wires  may  be  anything  from  the 
velocity  of  light  down  to  a  few  inches,  or  even  less,  depend- 
ing on  the  inductance,  resistance,  and  capacity  of  the  line. 
The  less  the  velocity,  the  shorter  will  be  the  wave  length 
for  a  given  frequency. 
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19.  It  has  been  shown  that  the  inductance  per  mile  should 
s  at  least  .056  henry,  and  that  the  wave  length  through  an 
equivalent  uniform  conductor  for  a  frequency  of  750  is  14.65 
miles.  Hence,  one  coil  of  .0.56  henry  per  mile  will  give 
about  14.6  such  coils  per  wave  length,  which  is  sutHcient. 

(Suppose  then  that  at  each  mile  we  place  a  coil  of  inductance 
'C  =  .056  henry  and  a  resistance  R  =  Q  ohms.  It  has  been 
^-■''~'—'" 
heai. 


Hated  that  r—  - 


,,  then  w 


In  this  case  s  —  \  mile, 


Therefore,  the  angular  distance,  or  the 


2ff 

14,6' 
nnmber  of  degrees  of  a  wave  per  mile  for  a  frequency  of 
750  periods  per  second  of  the  non-uniform  conductor  thus 


L  obtained,  will  be 


27! 


The  degree  of  equivalence  of  this 


14.6' 

tiDa-uniform  conductor  to  its  corresponding  uniform  conductor 
i  measured  by  the  degree  of.  equivalence  of  sin  ■ --  to  •     , 
It      ^        r.  180°   .     3.1416 

^^ '""  r4:6 '°  uj'  °^  ^^  ^'°  1476  '^  ^.-6-'  °'  ""' 

.  12"  18'  to  .2151.  The  sin  12°  18'  =  .2130  (see  a  table 
Bof  natural  sines).  Now  .2130  differs  from  .2151  by  less  than 
l-l  per  cent,  of  .2151;   hence,  sin  - 


\  than  1  per  cent,  of  the  value  of  — ;  therefore,  for  a  frequency 

of  750,  the  wave  length  and  the  attenuation  constant  on  the 
non-uniform  conductor  will  differ  from  the  wave  length  and 
attenuation  constant  on  the  corresponding  uniform  conductor 
by  less  than  1  per  cent,  of  the  values  of  these  constants. 
I  Such  a  difference  cannot  be  detected  by  any  of  the  experi- 
I  mental  methods  that  are  at  present  available  for  investiga- 
Iting  wave  propagation.  In  telephonic  transmission,  the  ear 
I  could  not  delect  it.  For  lower  frequencies,  the  differences 
(will  be  even  considerably  smaller.  Hence,  the  non-uniform 
x>nducIor  thus  obtained  will  represent  a  uniform,  non-attenu- 
,  distortionless  conductor  for  telephonic  transmission. 
Tie  methods  of  deriving,  proving,  or  further  explanations 
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concerning  any  of  these  formulas  are  too  complex  to  be 
given  here;  if  desired,  Pupin's  original  papers  should  be 
consulted. 

20.  It  should  be  observed  that,  in  the  case  of  a  submarine 
cable  of,  say,  2,000  miles,  the  attenuation  constant  should 
be  much  smaller  than  the  value  of  B  given  above,  in  order 
to  get  sufficiently  satisfactory  results.  Now,  the  capacity 
per  mile  of  a  submarine  cable  is  about  four  times  as  large 
as  the  capacity  of  the  telephone  cable  just  described.  Hence, 
both  on  account  of  the  long  distance  and  also  on  account  of 
the  greatly  increased  capacity,  the  inductance  per  mile  will 
have  to  be  much  larger  than  in  the  case  just  discussed.  But 
high  inductance  and  large  capacity  will  give  a  very  short 
wave  length.  For  instance,  if  in  the  case  of  the  submarine' 
cable  having  six  times  the  capacity  we  employ  an  inductance 


six  times  as  large  as  >>m  the  case  of  the  telephone  cable,  we 
will  obtain  for  the  frequency  of  750  periods  per  second  a 
wave  length  of  only  14.6  -^  6   =   2.43  miles,  since 

1.000  ^  1  /     1.000    \ 

n  Ve  Z.  X  6  C  X  2  ~  6  V«  <1  L  CI 
Hence,  since  the  inductance  coils  will  have  to  be  placed  apart 
at  one-sixth  of  the  distance  employed  in  the  case  of  the  tele- 
phone cable,  the  distance  between  them  will  be  about  8W  feet. 
The  distance  between  the  inductance  coils  depends  entirely 
on  the  circumstances  of  each  particular  case. 

21.  Fig.  4  illustrates  the  Pupin  method  of  inserting 
inductance  coils;  the  condensers  shown  merely  serve  to  rep- 
resent the  distributed  capacity  that  it  is  the  function  of  the  coils 
to  overcome.     Each  coil  has  two  windings,  one  for  each  line 


Ill 
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pire,  on  the  same  ring-shaped,  or  toroidal,  core  composed  of 
rery  fine,  insulated,  hard-steel  wire.  The  core  is  made  of  fine, 
insulated  wire  to  reduce  eddy-current  losses,  and  of  qnite 
hard  steel  to  reduce  the  hysteresis  loss.  The  twin  inductance 
coils  used  by  Professor  Pupin  in  some  of  his  trials  consisted 
each  of  two  coils  wound  on  one  spool  125  millimeters  diam- 
eter by  125  millimeters  high  and  separated  by  a  sheet  of 
cardboard  ji*i  inch  thick.  The  coil  when  finished  was  boiled 
in  beeswax  at  a  temperature  of  about  280"  F.,  in  order  to 
drive  out  all  moisture  and  insure  good  insulation.  Each  coil 
had  680  turns  of  No.  20  B.  &  S  copper  wire.  The  average 
self-inductance  of  one  of  these  coils  is  .03  henry,  and  the 
mutual  inductance  is  .028  henry.  Each  coil,  therefore,  when 
^^fionnected  in  the  line,  has  an  eflective  inductance  of  .058  henry, 

^^f  EXPERIMENTAL    TRIALS 

^  22.     Experiments    Through    Underground    Cobles. 

A  cable  between  Berlin  and  Potsdam,  20.2  miles,  consisting 

of  twenty-eight  pairs  of  copper  conductors,  each  conductor 

1  millimeter   in   diameter   (nearly  equivalent  to  a  No.   18 

B.  &  S.)  was  equipped  with  Pupin  load  coils.     The  distance 

^between  the  coils,  which  could  be  placed  only  at  junction 

^■boxes.  was  about  4.264  feet.     Each  coil  had  a  resistance  of 

^B-1  ohms  and  an  inductance  of  .062  henry,  and  the  resistance 

l^wf  the  cable  conductors  including  the  coils  was  37.8  ohms 

'      per  mile.     The  distributed  capacity  was  .5515  microfarad  per 

mile.     By  the  introduction  of  the  coils,  the  self-induction  of 

ibe  circuit,  which  was  .(XH)48  henry  per  mile  at  900  cycles 

per    second,    was    increased    200    limes.     A    similar    circuit 

101  miles  long  gave  as  good  transmission  when  loaded  ns 

atn  unloaded   circuit  of  similar  conductors  only  20.2  miles 


f  When  3.38  niilliamperes,  at  a  frequency  of  900  cycles  per 
IBCond.  flowed  into  the  transmitting  end  of  the  Berlin- 
Potsdam  cable  equipped  with  load  coils,  1.2  milltamperes 
peached  the  receiving  end;  whereas  only  .17  milliampere 
ncfaed  the   receiving   end  when  the  cable  was  unloaded. 
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The  transmission  over  a  cable  60.6  miles  long  was  forty- 
eight  times  better  than  over  a  similar  unloaded  cable  of  the 
same  length.  Experiments  by  the  same  parties  showed  that 
for  a  frequency  of  600  or  more  (giving  a  wave  length  of 
13.05  miles  or  less)  there  should  be  at  least  five  coils  per 
wave  length,  each  coil  having  an  inductance  of  .11  henry, 
on  a  line  having  an  inductance  of  .121  henry,  and  a  capacity 
of  .064  microfarad  per  mile. 

These  experiments  were  claimed  to  show  that  the  Pupin 
system  would  enable  the  weight  of  copper  for  equal  trans- 
mission to  be  reduced  to  one-fourth;  or  with  the  same  weight 
of  copper  per  mile  it  would  be  practical  to  telephone  over  a 
distance  four  times  as  great.  In  the  foregoing  experiments, 
the  result  of  connecting  a  long  loaded  line  to  a  relatively 
short  unloaded  subscriber's  line  was  not  considered. 

23.  Bare  Overhead  liines. — Several  long-distance 
lines  of  the  American  Bell  Telephone  Company  between 
Chicago  and  New  York  have  been  fitted  with  the  Pupin  load 
coils,  and  it  is  stated  that  the  loudness  of  transmission  has  been 
increased  about  100  per  cent.  These  lines  consist  of  No.  8 
Birmingham  gauge  hard-drawn  copper  wire  (nearly  equiv- 
alent to  a  No.  6  B.  &  S.  gauge),  and  the  load  coils  have 
been  connected  in  circuit  every  2i  miles.  As  the  distance  is 
about  900  miles,  this  means  the  installation  of  360  coils  on 
each  line.  On  two  of  the  Chicago-New  York  circuits,  the 
coils  are  installed  in  wooden  cases  and  on  the  other  line  in 
iron  cases.  The  cases  are  mounted  on  the  poles  near  the 
cross-arms,  much  as  a  transformer  would  be  suspended  on 
an  electric-lighting  pole.  At  each  pole,  the  wire  is  dead- 
ended  on  transposition  insulators,  and  the  apparatus,  which 
is  embedded  in  the  case  in  pitch,  is  connected  in  series  with 
the  line,  all  joints  being  soldered.  The  use  of  the  two  styles 
of  cases  was  to  ascertain  the  one  best  suited  for  the  service, 
and  while  the  wooden  box  has  better  insulating  qualities,  it 
is  thought  the  iron  case  will  come  into  more  common  use  on 
account  of  its  reliability  and  freedom  from  injury  from  the 
elements  or  from  reckless  marksmen. 


Ill 
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A  long-distance  circuit  between  Chicago  and  Philadelphia 
was  also  equipped  with  the  load  coils.  This  line  is  of 
[No.  12  N.  B.  S.  (New  British  Standard)  gauge  copper  wire, 
fwhich  is  nearly  equivalent  to  a  No.  10  B.  &  S.  gauge.  A 
■line  between  New  York  and  Philadelphia  is  being  equipped, 
md  it  is  stated  that  part,  if  not  all,  of  this  circuit  will  be 
krnn  underground. 


24.     Transmission  Over  Submarine  Cable. — One  of 

I  the  longest  submarine  cables  used  for  telephone  transmis- 
[  Biou  extends  from  St.  Margarets  Bay  to  La  Panne  through 
I  the  English  Channel.     It   is  54.6  miles   long  and  contains 
I  one  pair  of  telephone  conductors  and  one  pair  of  telegraph 
^conductors,  but  there   is   no   interference  between  the  two 
circuits.     The  resistance,  capacity,  and  inductance  per  kilo- 
meter per  single  conductor  are  3.83  ohms,  .144  microfarad, 
md  .00055  henry,  respectively.     For  a  circuit  of  one  pair, 
Oie  inductance  and  resistance  are  double  and  the  capacity 
pne-half  these  values.     The  insulation  resistance  is  not  less 
J  500  megohms  per  mile.    The  attenuation  constant  i9for 
)  periods  per  second  is  very  close  to  .0268.     This  is  an 
ixample  of  a  good  cable  in  which,  however,  no  means  was 
talcea  to  increase  the  inductance  by  the  use  of  iron  wire 
:  coils. 

A  cable  46.5  miles  long  was  laid  from  Cuxhaven  to  Hel- 
goland to  work  with  a  bare  overhead  line  of  bronze  wire, 
nillimeters  in  diameter  and  373  miles  long.  The  resist- 
ince,  capacity,  and  inductance  per  kilometer  per  single  con- 
lluctor  are  L36  ohms,  .0914  microfarad,  and  .00214  henry. 
Each  telephone  conductor  had  wound  spirally  about  it  an 
Iron  wire  .3  millimeter  in  diameter,  the  inductance  thus  being 
pcreased  from  about  .00032  to  .00214  henry  per  kilometer. 
ffhe  attenuation  constant  B  for  a  frequency  of  800  periods 
jer  second  is  very  close  to  .006,  which  is  considerably  less 
than  that  for  the  preceding  cable.  This  is  an  ideal  method 
pf  increasing  the  distributed  inductance  of  a  cable  conductor, 
nit  the  increase  in  inductance  cannot  be  made  i6  increase  as 
East  as  the  diameter  of  the  ccnductor  must  be  increased  for 
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increased  distances.  Hence,  a  limit  is  soon  reached,  in  prac- 
tice, beyond  which  a  further  relative  increase  in  ioductaace 
can  only  be  obtained  by  some  such  method  as  proposed  by  Pro* 
fessar  Pupin.  The  winding  of  an  iron  wire  around  a  conductor 
to  increase  its  inductance  is  advantageous  only  when  the 
cross-section  of  the  conductor  is  large  and  the  resistance  low. 
The  transmission  of  speech  is  very  good  over  the  cable 
alone  and  also  over  both  the  cable  and  the  bare  overhead  line. 
Considerable  information  about  iive  submarine  cables  is 
given  in  the  accompanying  table,  while  in  Fig.  5  is  shown 
the  relative  values  of 
the  attenuation  con- 
stants and  also  the 
variation  of  the 
attenuation  constants 
with  the  frequency. 
Curve  1,  for  instance, 
represents  the  varia- 
tion of  the  attenu- 
ation constant  for 
cable  No.  1  from 
about  200  to  1.400 
.  cycles  per  second. 
Curve  6  is  given  for 
n  ordinary  cable  con- 
taining a  wire  1  milli- 
meter in  diameter  and 
curve  0  for  a  bare 
overhead  bronze  wire 
8  millimeters  in  diam- 
'     ''"'■  ^  eter.      Bronze    wires 

are  used  considerably  in  Europe.  The  results  given  b 
the  table,  which  is  condensed  from  an  article  in  Tele- 
phony for  December,  1904,  are  for  the  telephone  con- 
ductors only  at  a  temperature  of  15°  C.  The  mean  per- 
meability of  the  iron  wire  wrapped  around  the  telephone 
conductors  is  said  to  be  101.  The  values  for  cai)acity  and 
self-inductance  apply  to  each  conductor  in  a  pair.     For  one 
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air  88  a  circuit,  the  self-inductance  and  resistance  are  said 
>  be  double  and  the  capacity  oue-balf  the  values  given. 
ly  reason  of  hysteresis  and  eddy-current  losses,  the  self- 
)ductance  decreases  somewhat  with  increasing  frequencies, 
'he  impedance  factors  are  factors  by  which  the  simple 
Esistance  must  be  multiplied  to  give  the  impedance.  The 
opacity  per  kilometer  of  No.  1  measured  with  continuous 
rnt  was  .1624  microfarad;  of  No,  4.  ,174.5  microfarad; 
ith  altercating  current,  .1435  microfarad  and  .1632  micro- 
irad,  respectively.  The  inductivity  of  dry-paper  insulation 
nd  impregnated  insulation  was  1.6  and  3.54.  respectively. 

S5.  Profeesor  Paptn's  CIbIuis. — By  his  method,  Pro- 
;s5or  Pnpin  claims  that  it  ts  possible  to  telephone  and 
;legraph  over  much  greater  distances;  that  if  the  distance 

emains  constant,  this  meihod  enables  wires  of  smaller  size 

0  be  used,  thus  decreasing  the  cost  of  installation;  and  that 
'ith  the  same  size  of  wire  as  in  use  at  present,  the  distance 

)f  transmission  may  be  greatly  increased. 
Professor  Pupin  is  conftdent  that,  by  the  use  of  his  coils, 

t  wilt  be  possible  to  carry  on  a  conversation  without  diffi- 
ilty  between  New  York  and  San  Francisco.  It  is  claimed 
iat  connected  circuits  of  an  aggregate  length  equivalent  to 
ich  a  line  have  already  been  successfully  talked  over, 
apin  load  coils  are  proving  more  successful  on  under- 
round  cable  circuits  in  large  cities  than  on  bare  overhead 

ines,  probably  because  there  is  more  opportunity  for 
iprovement  in  transmission  and  also  because  the  insula- 

ion  resistance  is  higher  and  more  constant.  In  regard  to 
le  use  of  his  retardation  coils  on  ocean  cables.  Professor 
Upin  is  quoted  as  saying  that  no  effort  will  be  made  to 
itablish  an  ocean  telephone  system  until  the  land  work  has 
2en  thoroughly  tried. 

OTHER    BOUBCE9    Of    TROOBI.K 

26.  Iilne  Lenknict'- — Considering  only  the  resistance, 
nduclance,  and  capacity  of  a  line,  it  would  not  now  be  very 
lifficult  to  transmit  voice  currents  over  very  long  distances 
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by  Pupin's  method  without  loss  in  clearness  and  in  loudness. 
There  are,  however,  other  sources  of  trouble.  For  instance, 
on  very  long  lines,  there  is  quite  an  appreciable  loss  due  to 
the  fact  that  the  insulation  of  the  line  is  not  perfect  and  the 
leakage  increases  with  the  length  of  the  line.  Even  this  could 
be  overcome  if  the  insulation  resistance  remained  constant, 
but  on  bare  overhead  lines  it  varies  so  much  with  the  state 
of  the  weather  that  it  is  a  very  serious  trouble. 

27.  Terminal  Taper. — A  much  more  serious  source  of 
loss  in  some  lines  is  that  wherever  the  inductance  loading  of 
a  line  changes  abruptly — as  it  does  in  repeating  coils,  terminal 
apparatus,  junction  of  bare  lines  with  cables,  etc. — a  reflection 
of  the  electric  wave  takes  place.  Where  long-distance  lines 
have  to  be  connected  to  relatively  short  subscribers'  lines, 
reflection  may  occur  at  different  points  along  the  line,  and 
may  vary  when  the  trunk  line  is  connected  to  different  sub- 
scribers' lines.  There  seems  to  be  no  way  of  calculating  all 
possible  conditions  to  permit  adapting  the  circuits  to  sub- 
station apparatus.  A  patented  arrangement  for  remedying 
this  difficulty  is  what  is  known  as  the  terminal  taper, 
in  which  the  inductance  of  the  loading  coils  in  the  line  is 
reduced  gradually  from  the  inductance  corresponding  to 
sections  of  the  loading  line  to  a  low  amount,  so  that,  as  there 
is  no  abrupt  change,  the  reflection  does  not  occur  or  is  at 
least  very  much  reduced.  What  takes  place  in  a  line  circuit 
may  be  compared  with  the  effect  produced  on  a  sound  wave 
on  meeting  an  obstruction.  If  the  surface  of  the  obstruc- 
tion is  solid,  the  wave  is  reflected  sharply;  if,  however,  the 
surface  is  yielding — such,  for  example,  as  felt,  which  is  soft 
and  capable  of  vibrating  somewhat — so  much  of  the  sound 
wave  is  not  reflected  and  hence  it  suffers  less  loss  in  the 
direction  in  which  it  is  moving. 
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RESULTS  OBTAINED  ON  I^OADED  TELEPHOITB 
"  LINES 

28.     "Loaded  Telephone  Lines  in  Practice"   was  the 

subject  of   a  paper  presented  by   Dr.  H.  V.  Hayes   at  the 

It,  International     Electrical    Congress   at   St.    Louis   in    1904. 

y    From  this  paper,  ihe  following  interesting  and  useful  infor- 

f    malion  is  abstracted.     It  is  here  intended  to  state  briefly  the 

results  that  have  been  obtained  by  the  use  of  loading  coils 

on   many  of  the  telephone  circuits  of  Ihe  Bell  companies. 

I  In  every  problem    afTecting  the  transmission  of   telephone 
waves  over  a  line,  there  are  two  factors  to  be  considered 
^the  attenuation  and  the  distortion  of  the  waves.     The  loss 
of  energy  of  the  waves  on  the  line  must  be  kept  at  a  mini- 
mum, and  the  several  component  telephone  or  voice  waves 
must  be   transmitted  without  unequal    relative  impairment. 
^^    The  introduction  of  lumped  inductance  in  the  form  of  load- 
^Eng  coils  on  a  telephone  line  tends  to  increase  the  distor- 
^■ion  by  the  possible  unequal  reflection  at  the  coils  of  ihe 
jVcomponent   waves   of   dilTerent    periodicities,   and    by   the 
possible  unequal  attenuation  of  the  several  waves  in  passing 
through  the  coils. 

^2^.  It«>nevtion  Losses. — The  mathematical  work  of 
*rofessor  Pupin  and  Dr.  Campbell  showed  conclusively  that 
[  several  loading  coils  lay  within  a  wave  length  on  any  par- 
ticular loaded  circuit,  and  the  coils  themselves  were  theo- 
retically perfect,  the  circuit  was  distortionless.  The  spacing 
of  the  coils  on  a  circuit  in  practice,  therefore,  depends 
simply  on  a  determination  of  the  highest  periodicity  that 
should  be  retained  in  the  telephone  waves  in  order  to  main- 
lain  Ihe  character  of  the  voice  waves  unimpaired.  It  has 
1  found  convenient,  in  studying  the  spacing  of  loading 
»il9,  to  determine  the  numljer  of  coils  on  each  particular 
btrcuit  thai  would  be  passed  by  some  one  point  of  a  wave 
\  second.  As  the  velocity  of  all  waves  on  a  given  circuit 
)  the  same,  and  as  Ihe  wave  length  for  any  periodicity  can 
:  readily  determined  from  the  velocity,  which  is  equal  to 
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the  periodicity  multiplied  by  the  wave  length,  it  is  possible 
to  determine  the  number  of  coils  lying  within  any  particular 
wave  length. 

A  large  number  of  long  telephone  circuits  have  been 
equipped  with  loading  coils,  the  spacing  of  the  coils  on  the 
several  circuits  being  such  as  to  produce  a  range  of  the  num- 
ber of  coils  per  second  between  13,000  and  7,000.  A  com- 
parison of  the  transmission  over  the  several  circuits  has 
shown  that  the  quality  of  transmission  is  not  appreciably 
impaired,  even  with  the  lower  number  of  coils  per  second — 
an  arrangement  that  tends  to  weaken  most  waves  of  very 
high  frequency.  This  seems  to  indicate  the  lack  of  impor- 
tance of  the  overtones  of  very  high  frequency  in  the  success- 
ful transmission  of  speech. 

It  can  be  said,  therefore,  with  considerable  certainty  that 
the  distortion  due  to  reflection  losses  in  a  loaded  telephone 
circuit  can  be  neglected,  provided  that  the  coils  are  so  spaced 
along  the  line  as  to  give  at  least  7,000  coils  per  second,  and 
provided  that  this  spacing  of  the  coils  is  substantially  uniform 
throughout  the  line. 

30.  Distortion  In  Coll. — To  entirely  eliminate  distor- 
tion in  a  loading  coil,  it  must  be  designed  so  that  the  effec- 
tive resistance  of  the  coil  to  all  the  essential  periodicities  of 
the  telephone  waves  shall  be  the  same.  Such  a  coil  is 
theoretical,  and  cannot  be  obtained  in  practice.  A  loading 
coil  must  possess  a  required  amount  of  inductance,  and  to 
reduce  attenuation  it  is  imperative  that  the  resistance  be  kept 
as  low  as  possible.  For  low  resistance,  the  wire  used  must  be 
of  copper  of  large  size  and  the  number  of  turns  kept  small. 
A  reduction  in  turns  can  be  most  readily  obtained  by  the  use 
of  iron  for  the  core.  If  iron  is  used  there  will  be  losses  in 
both  the  copper  winding  and  the  iron  core.  It  is  impossible 
to  eliminate  these  losses,  which  vary  for  different  periodici- 
ties, and  tend  to  produce  distortional  losses  in  the  trans- 
mitted telephone  waves.  By  not  using  iron,  certain  losses 
can  be  eliminated,  but  the  coil  would  then  be  larger  and 
more  expensive.     Practical  and  commercial  reasons  demand 
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iron-cored  loading  coil,  provided  that  such  a  coil  caa  be 
designed  that  its  use  in  a  telephone  circuit  will  not  be 
productive  of  appreciable  distortion. 

To  determine  whether,  in  practice,  there  was  appreciably 
more  distortion  introduced  by  loading  coils  having  iron  cores, 
as  compared  with  those  made  entirely  of  copper,  two  circuits 
were  equipped,  one  with  iron-cored  coils,  and  the  other  with 
copper  inductance  coils.  The  circuits  were  each  about  1,000 
miles  in  length.  The  coils  used  on  these  two  circuits  were 
spaced  alike,  and  had  the  same  inductance  and.  approxi- 
mately, the  same  resistance.  The  impedance  of  the  coil 
having  an  iron  core  was  about  15.5  ohms  at  a  periodicity  of 
2.000  per  second,  and  that  of  the  copper  coil  11.8  ohms  at  the 
same  periodicity.  These  circuits  thus  loaded  were  compared 
with  eaoh  other  with  the  greatest  care,  and  no  difference  was 
apparent  either  in  the  character  or  the  quality  of  the  telephone 
transmission.  These  tests  are  again  confirmatory  of  the 
tact  that  the  suppression,  or  reduction,  of  the  voice  waves  of 
the  highest  periodicities  does  not  appreciably  affect  the 
qnalily  of  intelligibility  of  transmitted  speech.  This  experi- 
ment was  considered  as  demonstrating  conclusively  the 
possibility  of  the  commercial  use  of  loading  coils  having 
^corea  of  iron. 

^^B81>  IllineiiBlons  of  Ijoail  Colls. — A  discussion  of  the 
^Heoretical  dimensions  of  loading  coils  for  different  classes 
of  circuits  may  be  found  in  Dr.  G-  A.  Campbell's  paper  in 
the  Philosophical  Magazine  for  March,  1903.  In  practice, 
the  size  and  cost  of  the  coils  are  factors  requiring  serious 
consideration.  For  aerial  circuits,  where  the  size  of  the  line 
wire  is  large,  and  consequently  the  resistance  of  the  circuit 

Kill,  it  is  of  the  utmost  importance  that  the  effective  time 
stBut  ~  of  the  coil  should  be  made  as  large  as  is  con- 
ent  with  reasonable  cost.  Except  in  so  far  as  the  cost  is 
affected,  the  size  of  the  aerial  loading  coil  is  of  no  special 
moment,  as  the  coils  can  be  mounted  singly  on  the  poles. 
The  time  constant  of  a  coil  can  be  increased  by  enlargine  its 
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size,  but  such  increase  in  size  increases  its  cost.  The  best 
commercial  loadin^f  coil  is,  therefore,  the  smallest  coil  that 
will  give  the  required  inductance  and  the  larg:est  effective 
time  constant. 

Following  the  theoretical  considerations  as  deduced  by 
Doctor  Campbell,  the  resistance  of  the  coils  that  have  been 
used  on  aerial  circuits  has  been  made  2.4  ohms.  The  design 
of  the  core,  the  permeability  of  the  iron,  and  the  subdivision  of 
the  iron  and  the  copper  have  been  made  such  that  a  loading 
coil  has  been  produced  having  an  inductance  of  .25  henry, 
a  time  constant  of  .048  second,  at  a  periodicity  of  1,000  periods 
per  second,  and  a  bulk  of  approximately  314  cubic  inches. 
This  coil  is  toroidal  in  shape,  10  inches  in  diameter,  and 
4  inches  high.  It  has  an  effective  resistance  of  15.5  ohms  at 
2,000  periods  per  second. 

Coils  designed  to  be  used  on  cable  circuits  in  which  the 
size  of  wire  employed  is  much  smaller  do  not  require  to  be 
made  of  as  low  resistance  as  the  coil  above  described;  con- 
sequently, their  size  and  time  constant  may  be  made  much 
smaller.  Large  numbers  of  cable  loading  coils  have  been 
placed  in  service,  their  design  varying  with  the  character  of 
the  circuit  on  which  they  were  used. 

32.  Reflection. — In  the  terminal  apparatus  at  present 
used  in  telephony,  or  where  there  is  a  condition  of  non-uni- 
formity in  the  character  of  the  line,  the  telephone  waves 
suffer  a  reflection  that,  in  many  cases,  is  effective  in  mate- 
rially increasing  the  attenuation.  This  reflection  is  particu- 
larly pronounced  at  the  point  where  an  unloaded  section  of 
line  is  connected  to  a  loaded  section.  The  amount  of  reflec- 
tion is  greater  according  as  the  divergence  from  uniformity 
increases.  Thus,  a  section  having  a  large  inductance  per  mile, 
when  connected  with  a  non-loaded  section,  exerts  a  larger 
reflective  action  than  one  having  a  small  inductance  per  mile. 

In  practice,  the  effect  of  reflection  is  of  considerable 
importance,  particularly  when  the  loaded  section  is  not 
relatively  long.  Theoretically,  these  reflection  losses  may 
be  eliminated  by  the  use  of  a  perfect  transformer  (repeating 


il)  introdaced  at  every  point  of  non-uniformity  in  the  line, 
ren  could  such  a  perfect  transformer  be  made,  its  introduc- 
i  on  commercial  circuits  is  open  to  practical  objections, 
.,  as  a  substitute,  its  equivalent,  a  terminal  taper,  which 
insists  of  a  series  of  coils  of  varying  inductance,  has  been 
employed.  The  arrangement  of  ihe  several  coils  constituting: 
the  taper  is  sucb  that  a  coil  having  an  inductance  somewhat 
less  than   that  of  the  coils   used   on  the  loaded  section  is 

Kced  nearest  the  loaded  line,  a  coil  of  inductance  somewhat 
s  than  the  first  taper  coil  is  placed  next  in  order,  and  a 
I  of  small  inductance  is  placed  nearest  the  non-loaded 
section,  or  Ihe  terminal  apparatus.  The  spacing  of  the  coils 
in  the  taper  corresponds  with  that  of  the  coils  on  the  line  of 
which  it  is  to  form  the  terminal. 

t'S.  Lotuaed  Cable  Conductors. — The  results  obtained 
certain  circuits  are  explained  by  Dr.  H.  V.  Hayes.  One 
circuit  consisted  of  a  cable  having  wires  .03689  inch  in 
diameter  and  about  96  ohms  per  mile  of  circuit.  The  mutual 
capacity  between  the  two  wires  was  .068  microfarad  per  mile; 
j^lhe  inductance  added  to  the  circuit  by  the  loading  coils 
mounted  to  about  .6  henry  per  mile.  In  Fig.  6  are  shown 
s  results  obtained  in  tests  on  the  above  cable  circuit  with 
t  telephones  applied  directly  at  the  ends  of  the  cables. 
mt  the  coils,  the  attenuation  increased  and  the  current 
■eived  at  the  distant  end  decreased  very  rapidly  as  the 
1  of  the  cable  increased,  as  shown  by  curve  1.  With 
diog  coils,  but  no  terminal  taper  coils,  the  transmission 
superior  for  lengths  exceeding  about  12  miles,  but 
terior  for  shorter  lengths  of  the  same  cable  when  unloaded, 
(  shown  by  comparing  curves  1  and  2.  It  will  also  be 
iticed  that  the  initial  current  on  the  loaded  circuit  is  about 
le-quarter  of  what  it  is  on  the  unloaded  circuit.  •  Moreover, 
B  quality  of  transmission  on  shorter  lengths  of  the  loaded 
S>1e  under  these  conditions  is  much  poorer  than  the  trans- 
bsion  over  similar  lengths  of  the  same  cable  unloaded. 
1  for  the  longer  lengths,  the  transmission  is  superior  on 
•.  loaded  to  that  on  the  same  lengths  of  unloaded  circuit. 
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If  terminal  tapers  are  employed  at  both  ends  of  the  loaded 
cable  circuit,  with  the  telephones  connected  directly  to  the 
tapers,  the  attenuation  is  shown  by  curve  3.  Here,  again,  it 
is  seen  that  the  initial  current  for  the  loaded  cable  provided 
with  terminal  tapers  is  considerably  less  than  that  on  the 
unloaded  circuit,  and  that  the  transmission  on  short  len|rtb 
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of  circuit  is  better  on  the  unloaded  than  on  the  loaded  cable 
with  terminal  tapers.  But  the  introduction  of  terminal 
tapers  on  the  loaded  circuit  has  more  than  doubled  the  initial 
current  on  the  loaded  circuit,  and  has  shortened  by  about 
one-half  the  length  of  circuit  that  previously  showed  the 
unloaded  circuit  to  be  superior.     A  cable,  as  shown  by  carves 
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I  sod  3,  when  loaded  and  supplied  with  terminal  tapers,  is 
nnperior  10  an  unloaded  cable  for  distances  over  about 
6  miles.  A  comparison  of  curves  1  and  3  shows  how  great 
a  factor  the  reflection  losses  are  between  the  terminal 
apparatus  and  a  loaded  circuit,  and  the  importance  of  the 
a  reducing  these  losses.     Bell  engineers  state   that 
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practice  it  has  since  been  found  that  reflection  losses 
be  still  further  reduced  and  under  special  conditions 
lllmost,  if  not  entirely,  eliminated;  but  how  this  is  done  has 
not  been  explained  by  any  of  them. 

Similar  tests  and  curves  were  made  for  a  cable  less  heavily 
loaded,  the  inductance  being  brought  up  to  only  .17  henry 
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per  mile.  The  conclusion  drawn  was  that  the  reflection 
losses  are  much  less  in  the  case  of  the  lightly  loaded  cable 
than  is  the  case  in  that  having  the  heavier  loading.  In  fact, 
for  shorter  lengths  of  cable  the  lighter  loading  is  more 
effective  in  transmitting  the  telephone  wave  than  the  heavier; 
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for   longer   lengths,   however,    the   heavier   loading    gives 
better  results, 

34.  Ijoaded  Aerial  Circuits. — Results  obtained  on 
circuits  of  bare  copper  wire  are  represented  in  Fig.  7  for 
wire  weighing  435  pounds  per  mile,  and  in  Fig.  8  for  wire 
weighing  176  pounds  per  mile.  In  each  case,  the  circuit 
was  loaded  with  coils  that  added  about  .1  henry  per  mile. 
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he  results  resemble  those  already  explained  for  cable 
rcuils.  There  is  a  large  reflection  loss,  which  is  consider- 
>]y  reduced  when  tapers  are  employed.  Even  with  tapers, 
le  loaded  line  for  short  distances  is  inferior  to  the  unloaded. 

35.  Doctor  Hayes's  conclusions  are  about  as  follows:  In 
be  case  of  cables,  there  is  a  distinct  improvement  in  the 
pialily  of  transmission  produced  by  the  introduction  of  load 
oils,  the  voice  of  the  speaker  being  received  more  distinctly. 
!1ie  high  insulation  that  can  be  maintained,  at  all  limes,  on 
able  circuits  renders  it  possible  to  introduce  loading  coils 

1  circuits  without  danger  of  increasing  the  leakage  losses. 
'he  marked  diminution  in  attenuation,  the  improvement  in 
piality  of  transmission,  and  the  ease  with  which  inductance 
oils  can  be  placed  on  cable  circuits  without  introducing 
ther  injurious  factors,  such  as  leakage  or  cross-talk,  render 
be  use  of  loaded  cable  circuits  especially  attractive. 

The  reduction  of  attenuation  that  can  be  obtained  by  the 
ise  of  load  coils  on  air-line  circuits,  even  under  theoret- 
:ally  perfect  conditions,  is  less  than  can  be  obtained  on 
■fale  circuits.  This  difference  in  the  effectiveness  of  loading 
etween  the  two  classes  of  circuits,  so  far  as  attenuation  is 
Oncemed,  can  be  explained  by  the  fact  that  on  a  cable  cir- 
BJI  the  capacity  is  large  and  the  inductance  of  the  circuit 

self  is  practically  negligible,  due  to  the  proximity  of  the  two 
rires  of  the  pair.  On  aerial  circuits,  on  the  other  hand,  the 
istancc  between  the  outgoing  and  the  return  wire  is  such  as  to 
»ke  the  capacity  of  the  circuit  much  less,  and  its  inductance 
nich  greater.  This  larger  self-inductinn  of  the  open-wire 
Ercuit  operates  to  decrease  the  attenuation,  and,  as  it  were,  to 
Db  the  load  coils  of  part  of  their  usefulness.  Again,  the 
isulation  of  an  aerial  circuit  cannot  be  maintained  as  high  or 
DDStant  as  that  of  a  cable  circuit,  and  the  introduction  of  load 
oils  on  the  line  tends  to  increase  the  losses  due  to  leakage. 

Moreover,   there    is   not   the   same   improvement    in    the 

lality  of  transmission  on  a  loaded  aerial  circuit,  as  com- 
■red  with  a  similar  circuit  unloaded,  as  is  found  between 
«ded  and  unloaded  cables.     Initially,  open-wire  circuits  are 
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practically  free  from  distortion,  whereas  £he  distortion  on 
cable  circuits  of  long  length  is  considerable.  The  addition, 
therefore,  of  load  coils  to  aerial  circuits  cannot  be  expected 
to  effect  much  improvement  in  the  quality  of  transmission; 
whereas  in  the  case  of  cables  the  introduction  of  the  addi* 
tional  inductance  renders  the  circuits  practically  distortionless, 
and  effects  a  marked  improvement  in  the  clearness  of  the 
transmitted  speech.  It  was  rumored  in  1905  that  load  coils 
on  bare  overhead  lines  were  to  be  discarded  as  of  not  suf- 
ficient benefit  to  warrant  their  use. 

36.  Mr.  John  Gavey,  chief  engineer  for  the  telephone 
department  of  the  British  post  office,  stated  in  1905  that,  by 
comparing  a  large  number  of  results  secured  over  lines 
of  different  character,  the  following  rough  empirical  for- 
mulas were  obtained  to  meet  ordinary  cases:  For  aerial 
lines  of  copper  weighing  100  pounds  or  more  per  mile, 

"  -  '">^ii^  <»> 

For  unloaded  paper  cables, 

M=S5^J^  (2) 

in  which  Af  is  the  limiting  distance  in  miles  over  which  a 
line  having  a  capacity  C  and  resistance  /?  per  mile  of  loop 
can  be  used  for  long-distance  commercial  conversation.  By 
experiment  and  calculation  these  formulas  were  found  to 
give  reliable  results  within  reasonable  limits. 

It  has  been  shown  that,  in  long-distance  commercial  con- 
versation, each  of  the  following  is  equivalent  to  1,200  miles 
of  No.  8  B.  W.  G.,  425-pound  aerial  copper  wire:  388  miles 
of  100-pound  aerial  copper  line  whose  /?  per  mile  of  loop 
=  17.73  ohms  and  C  per  mile  of  loop  =  .0078  microfarad; 
5()0  miles  of  17()-pound  aerial  copper  line  whose  /?  =  10.26 
ohms  and  C  =  .0082  microfarad;  41.8  miles  of  No.  19 
B.  &  S.  (20-pound)  American  standard  dry-core  cable  whose 
/^  =  88  ohms  and  C  =  .051  microfarad;  73.2  miles  of  the 
Boston-Lynn  cable  whose  /^  =  41.8  ohms  and  C  =  .042 
microfarad. 
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It  has  also  been   shown   that   each   of   the   following:  is 

tqaivalent  in  transmission  to  1  mile  of  20-pound  cable  whose 

iJ  =  86  ohms,  C  =  .055  microfarad,  and  L  =  .001  henry:  .61 

mfle  of  10-pound  cable  whose  R  per  mile  of  loop  =  175.64 

ohms,  Cper  mile  of  loop  =  .055  microfarad,  and  L  per  mile  of 

loop=  .001  henry;  1.47  miles  of  40-pound  cable  whose  R  = 

42  ohms,   C  =    .056  microfarad,  and  L  =  .001  henry;  1.83 

miles  of   70-pound   cable  whose   R  =  25  ohms,    C  =  .063 

microfarad,  and  L   =  .001  henry;   2.45  miles  of  100-pound 

cable  whose  /?  =  17  ohms,  C  =  .058  microfarad,  and  L  =  .001 

henry;  2.95  miles  of  150-pound  cable  whose  ^  =  11.7  ohms, 

C  =  .065  microfarad,  and  L  =  .001  henry;  3.5  miles  of  200- 

potmd  cable  whose  R  =  8.75  ohms,  C  =  .07  microfarad,  and 

Z^   =  .001  henry;  8.45  miles  of  180-pound  aerial  copper  whose 

=  18  ohms,  C  =  .00808  microfarad,  and  L  =  .0039  henry; 

.7  miles  of  200-pound  aerial  copper  whose  ^  =  9  ohms, 

=  .00862  microfarad,  andZ,  =  .00366  henry;  26.1  miles  of 

400-pound  aerial  copper  whose  R  =  4.5  ohms,  C  =  .00919 

naicrofarad,  and  L  =  .00344  henry;  45.8  miles  of  800-pound 

aerial  copper  whose  R  =  2.25  ohms,  C  =  .00987  microfarad, 

and  L  =  .00322  henry.    

REPEATING  COILS 


^Ol^NBCTION      OF       GROUNDED       TO      METAIililC- 

CIRCUIT     lilNES 

37.  It  is  frequently  desirable,  for  several  reasons,  to 
Connect  grounded  to  metallic-circuit  lines.  This  may  be 
^one  by  connecting:  them  as  shown  in  Fig^.  9,  where  C  is  the 
^Jitral  office,  to  which  the  two  lines  lead  from  station  A  and 
^^tion  B;  c  is  a,  flexible  conductor  connecting  one  side  of 
^c  metallic-circuit  line  to  the  grounded  line,  and  c^  another 
'^^^Xible  conductor  connecting  the  other  side  of  the  metallic- 
^ircuit  line  to  ground  at  G,  A  complete  circuit  now  exists 
^^tti  the  ground  at  station  Ay  through  conductor  r,  one  side 
^*  the  metallic-circuit  line,  to  station  B,  back  to  the  other 
^^d^  of  the  metallic-circuit  line,  conductor  r'  to  ground  at  6", 
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and  thence  to  the  ground  at  station  A.  A  complete  talking 
circuit  is  thus  afforded,  but  this  method  of  connection 
should  not  be  used  except  where  it  is  impracticable  to 
make  the  connection  otherwise.  The  fact  that  one  side  of 
the  metallic  circuit  is  connected  directly  with  the  ground 
completely  destroys  the  balance  of  the  metallic-circuit  line, 
and  thus  renders  it  susceptible  to  all  sorts  of  inductive 
noises  from  outside  sources.  Inasmuch  as  the  metallic-cir- 
cuit lines  are  usually  long  and  the  grounded  lines  local, 
practically  all  the  desirable  effects  obtained  by  the  metallic- 
circuit  line  are  lost  by  this  method  of  connection. 

38.  Bepeatingr  Coil  Between  Orounded  and  Metal- 
lic liines. — Th^  proper  way  to  connect  a  metallic  circuit  to 
a  grounded  line  is  by  the  use  of  a  repeating  coil,  which  is 
merely  a  special  type  of  induction  coil.  It  is  customary 
to  make  the  primary  and  secondary  windings  of  about  equal 
resistance  and  number  of  turns,  the  resistance  of  each  wind- 
ing being  in  the  neighborhood  of  200  ohms. 

c 


Oroutvdsd  lAne 


Meiatlie  CireuU 


]2> 
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One  method  of  using  a  repeating  coil  is  illustrated  in 
Fig.  10,  in  which  a  metallic-circuit  telephone  line  is  con- 
nected through  the  repeating  coil  with  a  grounded  line.  The 
two  terminals  of  the  metallic  circuit  are  connected,  respect- 
ively, to  two  binding  posts  forming  the  terminals  of  one 
winding  of  the  repeating  coil.  One  terminal  of  the  grounded 
line  is  connected  to  one  terminal  of  the  other  winding,  while 
the  remaining  terminal  is  connected  to  ground,  as  shown. 
When  the  telephone  connected  with  the  metallic  circuit  is 
transmitting,  the  winding  of  the  repeating  coil  with  which 


LONG-DISTANCE  TELEPHONY 


35 


he  metallic  circuit  is  connected  acts  as  a  primary,  in  exactly 
[be  same  manner  as  the  primary  of  an  ordinary  induction 
It  induces  currents  in  the  winding  connected  with  the 
xiimded  line,  which  currents  flow  over  the  grounded  circuit 


Orounded  Line 


MttaMo  Ctrfuit 


tnd  affect  the  telephone  receiver  of  the  grounded  instrument 

the   ordinary   way.     When   the    grounded    telephone   is 

insmilting,  the  operation  is  exactly  reversed,  the  winding 

ionnected  with  the  grounded  line  serving  as  a  primary  and 

bat  connected  with  the  metallic  circuit  as  a  secondary. 

Advantn^e  of  Repeating;  CoIIh. — The  great 
hdvantage  of  this  method  of  connecting  grounded  to 
Bietallic-circuit  lines  over  that  shown  in  Fig.  0  is  that  the 
Metallic  circuit  is  kept  free  from  metallic  connections 
rith  grounded  lines.  Its  balance  is  in  no  wise  destroyed, 
md  the  induction  from  outside  sources  is  only  that  which 
Would  ordinarily  appear  on  the  grounded  line.  There  is  an 
Bpinion  among  many  telephone  men  that  a  repeating  coil 
Day  be  used  in  some  mysterious  manner  to  remove  cross- 
talk, and,  in  fact,  all  kinds  of  induction,  from  telephone 
This  is  a  fallacy.  If  a  line  is  subject  to  induction,  the 
!peating  coil  will  transmit  this  induction  through  it  with  as 
p-eat  an  efficiency  as  it  will  transmit  the  voice  currents. 
!  proper  way  to  get  rid  of  induction  on  lines  is  to  prop- 
bly  construct  and  transpose  the  lines.  The  repeating  coil 
lerves  merely  as  a  means  for  connecting  dissimilar  circuits 
^ithout  introducing  new  troubles  on  them. 

However,  it  is  sometimes  possible  by  the  judicious  use  of 
tpeating  coils  to  eliminate  induction  troubles.  If  a  dts- 
irbtng  wire  a,b.  Fig.  11,  runs  parallel  and  near  a  long 
[Toiuided  or  common  return  circuit  part  of  the  way  and 
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causes  disturbing  noises,  the  noises  may  be  eliminated  by 
using  two  wires  for  the  telephone  ciiicuit  where  it  is  parallel 
to  the  disturbing  circuit  and  connecting  it  to  the  two 
grounded  or  common  return  ends  by  repeating  coils,  as 
shown  in  the  figure,  and  by  properly  transposing  the  metallic 
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portion  of  the  telephone  circuit.  It  will  be  more  difficult 
to  ring  through  the  circuit  on  account  of  the  presence 
of  the  two  repeating  coils,  which  should  preferably  be 
located  at  exchanges  or  switching  stations,  where  they 
can  be  cut  out,  if  necessary,  while  ringing. 


DESIGN  OF  REPEATING  COIIiS 

40.  Repeatliigr-Coll  Constriiction. — One  method  of 
constructing  repeating  coils  is  shown  in  Figs.  12  and  13,  the 
former  figure  being  a  sectional  view  of  the  coil  in  an  incom- 
plete state,  and  the  latter  a  view  of  the  coil  as  finished.  C  is 
a  core  composed  of  small  annealed-iron  wires,  held  together 
by  being  slipped  into  a  fiber  tube  /.  On  this  tube  are  fast- 
ened three  fiber  washers,  forming  a  spool  on  which  the  wind- 
ings are  placed.  In  order  to  make  equal  the  effect  of  the 
two  windings  on  the  core  and  on  each  other,  one-half  of  each 
winding  is  placed  on  each  end  of  the  spool;  thus,  one-half  A 
of  one  winding  is  wrapped  on  the  left-hand  end  of  the  spool, 
as  shown;  then  the  first  half  B  oi  a  second  winding  is  placed 
on  the  right-hand  end  of  the  spool  in  the  same  manner.  The 
second  half  A'  of  the  first  winding  is  then  wound  on  top  of 
the  first  half  B  of  the  second  winding,  and  the  second  half  B* 
of  the  second  winding  on  top  of  A.  One  end  of  A  is  con- 
nected to  one  end  of  A^  through  the  dividing  washer  of  the 
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spool,  as  shown  at  the  point  €. 
In  a  similar  manner,  one  end 
of  the  winding  is  connected  to 
one  end  of  B  through  the  divi- 
ding washer  of  the  spool  at  the 
jioint  d.  The  terminals  of  the 
winding  A  A'  are  brought  out  at 
points  a, a',  while  the  terminals 
of  the  winding  li  P'  ax^  similarly 
hrought  out  at  tlie  points  b,  b'. 
After  the  winding  is  in  place 
and  properly  covered  with  paper 
lo  prevent  short  circuits,  the  ends 
of  the  wires  forming  the  core  C 
are  bent  aronnd  the  entire  coil, 
as  shown  in  the  lower  portion 
of  the  figure,  so  that  the  wind- 
ings arc  entirely  enclosed  by 
the  wires  of  the  core.  It  wilt  be 
seen  that  by  this  method  of  con- 
struction the  magnetic  circuit  for 
the  lines  of  force  is  made  com- 
plete, and  the  transformation 
from  the  primary  lo  the  second- 
ary is  rendered  more  efficient. 
One  of  these  coils  in  its  finished 
state  is  shown  in  Fig.  1."!,  it  being 
fastened  to  a  base  block  by 
straps  of  brass,  as  shown.  The 
terminals  of  the  two  windings 
are  brought  out  to  binding  posts 
arranged  in  any  convenient  man- 
ner on  the  base. 


41.  KiiiKloB  Coll.— The 
design  of  a  repenting  coil 
depends  largely  on  the  fretniency 
of    the    primary    current.     The 
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electromotive  force  developed  in  the  primary  is  proportional 
to  the  product  of  the  number  of  turns  on  the  primary,  the 
nttmber  of  lines  of  force,  and  the  frequency.  Hence,  if 
the  frequency  is  low,  the  number  of  lines  of  force  and  turns 
must  be  large  to  obtain  the  necessary  electromotive  force. 
If  the  number  of  lines  of  force  is  large,  the  cross-section 
of  the  iron  core  must  be  large  to  avoid  magnetic  satura- 
tion of  the  core.  Hence,  a  low  frequency  requires  a  large 
repeating  coil. 

In  order  to  be  able  to  ring  well  through  a  repeating 
coil,  the  core  should  be  short  and  much  larger  in  cross- 
section  than  is  required  for  a  good  talking  coil,  because 
otherwise   the   lower   frequency  ringing  current  would  not 


induce  sufficient  electromotive  force  in  the  secondary  wind- 
ing for  the  work  required. 

42.  Talklnir  Coll. — Where  a  coil  is  to  be  used  merely 
to  talk  through,  the  desired  electromotive  force  can  be 
obtained  in  the  secondary  with  a  small  amount  of  iron  in 
the  core,  because  the  voice  currents,  being  very  high  in  fre- 
quency, produce  a  high  rate  of  change  in  the  number  of 
lines  of  force  through  the  core.  Furthermore,  if  too  much 
iron  is  used  in  a  talking  coil,  the  hysteresis  and  eddy  cur- 
rents at  such  high  frequencies  reduce  the  efficiency  more 
than  is  gained  by  the  extra  amount  of  induction  produced. 
Hence,  for  talking  purposes  only,  a  repeating  coil  should  be 
small  in  size,  have  a  small  iron  core,  and  not  a  great  number 
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turns.  It  is  not  necessary  for  good  transmission  to  have 
closed  magnetic  circuit,  but  such  coils  are  usually  iron* 
to  eliminate  cross-talk  between  neighboring  coils.  The 
■St  efficient  talking  coil  is  almost  useless  for  the  trans- 
ission  of  ordinary  ringing  current;  and  furthermore  a  large 
repeating  coil,  most  efficient  for  ringing  through,  is  not 
good  for  talking  through;  in  the  latter  case  the  hysteresis 
and  eddy-current  losses  in  the  large  iron  core  become 
cessive,  causing  weak  and  inarticulate  transmission  of 
ce  currents.  To  keep  Ihe  eddy-current  losses  as  low  as 
isible,  Ihe  core  should  be  made  of  very  soft,  annealed, 
orway  iron,  not  larger  than  No.  22,  and  insulated  by  the 
ide  on  its  surface  or  by  varnish. 

43.  Comliluod    ttlneinfc   and    Talking  Coil.— As  a 

le,  a  coil  through  which  it  is  necessary  to  ring  must  also 
used  to  talk  through,  and,  consequently,  a  good  ringing 
II  must  also  be  sufficiently  good  for  talking  purposes. 
ich  a  coil  must  have  a  sufficient  amount  of  iron  to  make  it 
icienl  for  ringing,  and  the  core  must  be  made  of  very  soft 
nealed  Norway  iron,  not  larger  than  No.  22.  in  order  that 
;  hysteresis  and  eddy  currents  may  not  be  excessive  while 
king.  No.  22  or  24  iron  wire  is  suitable  for  the  core  of 
nost  any  repeating  coil.  For  the  reasons  given,  a  good 
iging  and  talking  coil  is  usually  quite  large  and  heavy, 
lereas  a  coil  used  only  for  talking  may  be  quite  small, 
irthermore,  coils  used  in  central-energy  systems  must 
aally  have  much  less  resistance  than  coils  that  are  inserted 
other  circuits  merely  to  keep  them  balanced  and  quiet, 
(  exact  rules  or  formulas  can  be  given  for  the  design  of 
leatlng  coils. 

44.  As  already  slated,  the  primary  of  a  repeating  coil 
aally  has  the  same  number  of  turns  as  the  secondary,  but 
melimes,  for  special  purposes,  a  different  ratio  is  adopted. 
lerc  are  various  ways,  says  W.  A.  Taylor,  in  Ihe  Electrical 
sview.  of  winding  the  coils  in  order  to  keep  the  turns  and 

!  resistance  the  same  on  each  side.  Fig.  14  shows  a 
Ktbod  commonly  used:    a,  i,c,  d  represent  four  coils  wound 
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on  the  iron  wire  core.  e.  In  this  coil,  1  and  2  represent 
the  terminals  of  the  primary  and  3  and  4  are  the  terminals  ol 
the  secondary,  the  coils  a  and  d  forming;  the  primary  and 
b  and  c  forming  the  secondary.  In  ordinary  practice,  both 
ends  of  each  coil  are  brought  out,  as  in  some  circuits  it  is 
necessary  to  connect  into  the  middle  of  the  primary  or 
secondary.  This  form  of  coil  is  a  good  one  for  talking, 
but  only  fair  for  ringing.  It  is  also  quite  expensive  to  make, 
for  it  is  a  very  tedious  piece  of  work  to  insert  the  wire  core 
into  the  spools  of  wire  and  bend  them  around  neatly.  Where 
a  number  of  these  coils  are  placed  side  by  side  there  is  a 
great  amount  of  cross-talk  due  to 
electromagnetic  induction.  For 
this  latter  reason  and  on  account 
of  the  expense  of  manufacture, 
most  of  the  coils  now  made  are 
ironclad. 

These  are  of  three  kinds: 
First,  those  with  a  long  core 
composed  of  a  bundle  of  small 
iron  wires  that  pass  through  the 
cylindrical  spool  of  the  coils  and 
are  bent  back  over  the  outside  of 
the  coils  overlapping  the  two  ends, 
as  shown  in  Fig.  13.  The  second 
style  is  very  much  the  same, 
except  that  the  whole  is  covered 
with  a  piece  of  annealed  wrought-iron  tube,  the  ends  of  which 
are  closed  with  iron  disks  {see  Figs.  15  and  16).  When  the 
magnetic  ciicuit  is  complete,  the  lines  of  force  are  confined 
to  the  iron,  which  offers  them  a  return  path  of  low  reluc- 
tance. This  is  a  very  efificient  construction,  and  has,  more- 
over, proved  necessary  because  of  the  amount  of  cross-talk 
caused  by  the  former  kind.  The  third  kind  has  a  straight 
core,  which  is  only  a  trifle  longer  than  the  spool.  This  is 
placed  in  a  tube,  and  end  plates  are  pressed  down  closely 
against  the  ends  of  the  core.  This  latter  style  is  the 
cheapest    form    to    make,  and    if    properly    designed   will 
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connected  together.  With  this  arrangement  of  windings, 
both  primary  and  secondary  are  of  the  same  resistance, 
provided  that  each  winding  a^  b^  c,  and  d  has  the  same 
number  of  turns  of  the  same  size  wire.  This  coil  is  used 
extensively  for  central-energy  work. 

46.  Some  repeating  coils  are  wound  with  two  parallel 
wires,  and  some  even  with  four  parallel  wires;  in  such  coils, 
the  wire  must  be^  double  silk  insulated.  These  last  two 
methods  should  be  avoided  if  possible,  because  the  insulation 
between  the  two  windings  is  very  thin.  Consequently,  if 
there  is  too  great  a  difference  of  potential  between  two 
windings  that  are  adjacent  throughout  their  length,  due  to 
lightning  discharges  or  to  neighboring  high-potential  cir- 
cuits, there  is  very  apt  to  be  trouble  due  to  the  puncturing 
of  the  insulation,  which  is  difficult  to  locate  and  repair. 
Sectional  winding — that  is,-  winding  the  coils  on  separately, 
either  in  two  or  four  sections — is  a  much  preferable  method 
for  most  purposes. 

The  method  of  winding  with  four  parallel  wires  is  some- 
times used  where  it  is  desired  to  make  three  telephone 
circuits  from  two  metallic  circuits,  in  which  case  it  is  neces- 
sary to  have  in  each  half  of  the  primary  and  secondary 
exactly  the  same  number  of  turns  and  resistance.  In  such 
cases,  the  two  sides  of  the  circuit  must  be  balanced  both  for 
turns  and  resistance.  It  is  rather  difficult  to  wind  such  a 
coil  neatly  because  of  the  four  bunched  wires. 


COMMERCIAL    REPEATING    COILS 

47.  Following  are  the  dimensions  of  some  repeating 
coils  made  by  some  of  the  prominent  telephone  manufacturers 
in  the  United  States.  The  first  coil  to  be  mentioned  is 
wound  as  shown  in  Fig.  17.  The  diameter  of  the  core  is 
4  inch,  made  up  of  No.  26  annealed-iron  wire,  14i  inches 
long,  and  bent  back  over  the  spool  after  winding;  insulation 
thickness  between  coils  and  next  to  core,  -sV  inch  of  paper; 
length  of  winding  space  5  inches  and  depth  of  winding  space 
I  inch.     Coil  d  has  2,700  turns  and  26.7  ohms;  coil  c,  2,700 
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turns,  36  ohms;  coil  6.  2.700  turns.  46.5  ohms;  coil  a,  2,700 
ttuns,  56.5  ohms.  All  sections  are  wound  with  No.  26  B.  &  S. 
single  silk-covered  copper  wire.  The  primary  has  a  total 
o(  83.2  ohms  and  5,400  turns;  the  secondary  SI. 5  ohms  and 
5,400  turns.  This  coil  was  made  especially  for  ringing  and  , 
showed  great  efficiency  in  that  direction;  it  was  also  exceed- 
ingly good  for  talking  purposes.  This  made  a  very  large, 
heavy,  and  expensive  coil;  it  also  permitted  cross-talk  to  a 
great  degree,  so  that  an  iron  shell  had  to  be  provided  for  it. 

48.  The  following  is  a  smaller  coil  that  is  just  as  good 
for  talking  purposes,  but  is  15  per  cent,  poorer  for  ringing 
purposes  than  the  coil  just  described.  No.  29  B.  &:  S.  single 
silk-covered  copper  wire  is  u-sed;  length  of  winding  space. 
4  inches;  depth  of  winding  space.  J  inch;  diameter  of  core, 
}  inch,  made  of  No.  26  annealed-iron  wires  13}  inches  long, 
bent  back  over  the  outside.  Coil  d  has  2,400  turns  and  44.5 
ohms;  coil  r,  2,400  turns,  55.5  ohms;  coil  6,  2,400  turns,  65.5 
ohms;  coil  a,  2.400  turns,  75.5  ohms.  The  primary  has  a 
total  of  4,800  turns,  120  ohms;  the  secondary,  4,800  turns 
and  121  ohms. 

49.  A  coil  with  the  windings  consisting  of  four  parallel 
wires  has  the  following  dimensions:  length  of  winding 
space,  4  inches;  depth,  a  inch;  diameter  of  core,  »  inch; 
length  of  core  wire  13i  inches,  made  up  of  No.  26  annealed- 
iron  wires,  bent  back  and  lapping  over  the  outside  of  the 
coil.  The  number  of  turns  of  each  wire  is  2,000;  resistance, 
£2 ohms  of  No.  29  B.  &  S.  double  silk-covered  wire.  The  total 
resistance  of  primary  and  secondary  is  104  ohms  and  4.000 
turns.  This  coil  has  a  ringing  efficiency  about  20  per  cent, 
less  than  that  uf  the  larger  coil  above  mentioned  and  talked 
fully  as  welt  as  the  best. 

50.  The  following  coil  is  intended  solely  for  talking,  and 
gives  the  very  finest  results.  It  shows  how  much  smaller  a 
talking  coil  may  be  than  one  intended  for  ringing.  This 
coil,  which  is  also  very  efficient  when  used  for  central -energy 
purposes,  has  the  following  dimensions:  length  of  winding 
Space,  1  inch;  depth  of  winding  space,  }  inch;  diameter  of 
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core,  I  inch;  length  of  core,  1 J  inches;  size  of  core  wire,  No.  2^^  S6 
annealed  iron;  size  of  wire  with  which  it  is  wound,  No.  32^^  S2 
single  silk-insulated.  This  coil  is  wound  with  concentric:^ -2c 
coils,  as  in  Fig.  17.  The  coil  d  has  977  turns,  10  layers,  ancEi^.d 
22  ohms;  coil  c,  911  turns,  10  layers,  and  31  ohms;  coil  by  97  rw"  "7 
turns,  10  layers,  and  37  ohms;  coil  a,  977  turns,  10  layers,  andEi^d 
45  ohms.  The  primary  has  a  total  of  1,954  turns,  20  layers,^  .^, 
and  67  ohms;  the  secondary,  1,954  turns,  20  layers,  and  68fe^8 
ohms.  After  winding,  the  coil  is  slipped  into  an  iron  shelHC  M\ 
and  the  ends  closed  with  iron  disks.  The  total  diameter  o^^  ^f 
the  shell  is  It  inches  and  its  length  li  inches. 

It  is,  of  course,  not  necessary  to  have  an  iron  shell  to«z^^o 
cover  the  repeating  coil,  except  where  two  or  more  are^^^  e 
to  be  placed  together  closely.  If  the  coils  can  be  separatedi^3^<i 
by  a  foot  or  more,  the  necessity  for  the  shell  disappears. 


51.  North  Electric  Repeating  Coll. — The  generalK  -^^ 
appearance  of  a  repeating  coil  for  use  on  toll  lines  andE->'^ 
common-battery  supervisory  systems,  and  made  by  The  North -^'"'^ 

Electric  Company,  is  shown  in  Fig.  16.     For  full   central ^' 

energy  systems,  lower  resistance  windings  would  be  used,   ^   "' 
although  the  frame  and  general  dimensions  of  the  coil  would    ^^ 
remain  the  same.     The  armor  on  the  outside  is  a  piece  of    ^^  ^ 
annealed  wrought-iron  pipe,  having  an  external  diameter  of     '^^ 
2  inches,  a  thickness  of  i  inch,  and  a  length  of  6  inches,  and       ^ 
the  coil  complete  weighs  3}  pounds.     The  core  consists  of  a         -* 
bundle  of  fine  iron  wires  (about  No.  28)  that  are  firmly  wedged 
against  the  iron  plate    forming  the   ends,   by  means  of  a 
wooden  plug   having  wedges   projecting   into   the   bundle. 
There  are  four  windings,  two  on  each  end  of  the  spool,  which 
is  divided  in  the  middle  by  a  fiber  washer.     This  division  of 
the  windings  distributes  them  more  equally  in  relation  to 
one  another  and   to  the  core,  besides    facilitating    repairs. 
The  construction  of  the  coil  is  shown  in  Fig.  15. 

Each  of  the  four  coils  is  wound  to  a  depth  of       \  inch 

Space  inside  the  case 5}  inches 

Thickness  of  fiber  heads i  inch  ) 

Thickness  of  fiber  middle  division i  inch  / 


ilTBLW 
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Diameter  of  fiber  heads l|i  inches 

I>iamelerof  fiber  core  (outside) i  inch 

Length  of  winding  spaces,  each 2ii  inches 

Depth  of  each  winding       i  inch 

Average  diameter  of  windings  (outside  coil)     1?  inches 
Average  diameter  of  windings  (inside  coil)  .       i  inch 
Size  of  copper  wire  No.  30  B.  &  S.  single  cot  I  on -cove  red 
isulation: 
Number  of  turns  in  each  layer  of  winding  .        160 

Number  of  layers  in  each  coil 18 

Total  number  of  turns,  each  coil 2,880 

Number  of  feet  in  each  winding  ( outside  coil)    1,036 
Number  of  feet  in  each  winding  (inside  coil)       600 

Resistance,  each  outside  coil 107  ohms 

Resistance,  each  inside  coil 68  ohms 

Pig.  18  shows  the  wiring  plan  of  the  coils.     The  two  inside 
Ills  are  connected  together,    forming   one    winding    with 


Brminals  at  /*and  the  two  outside  coils  together,  forming  the 
Iher  winding  with  terminals  at  S.  These  coils  can  be  made 
'  equal  resistance  by  connecting  the  outside  coil  on  one 
I  to  the  inside  coil  on  the  other  end  and  the  other  two 
lOils  together,  in  which  case  both  sides  would  have  a  resist- 
pice  of  175  ohms. 

{  52.  WIUlaras-Ahbott  ReiicatlngrColl.— Special  repeat- 
ils  are  sometimes  made  for  connecting  metallic  with 
rouoded  circuits.  In  Fig.  19  {«■)  and  (i)  are  shown  two  ways 
B  which  the  Williams- Abbott  Co,  direct  their  repealing  coil, 
piown  at  U),  to  be  connected.  At  (a),  the  grounded  bridged 
i  connected  to  only  half  the  winding  of  one  side  of  the 
|bil,  in  order  that  the  winding  in  circuit  with  the  grounded 


I 
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bridsfing:  bells  may  not  have  too  high  a  resistance;  otherwise 
too  much  of  the  talking  current,  originating  in  the  grounded 
circuit,  may  escape  to  ground  through  the  bridged  bells 
instead  of  passing  through  s.  It  would  seem  preferable  to 
connect  s'  (properly  of  course)  in  parallel  with  s,  thereby 
halving  the  resistance  of  the  winding  on  that  side  and  still 
having  the  same  number  of  efficient  turns  as  when  s  alone 
is   used.     The   connection  of  the  two  coils  in  parallel   is 
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Pro.  19 

equivalent  to  the  use  of  one  coil  having  the  same  number 
of  turns  as  in  s  alone,  but  wound  with  a  wire  of  twice  the 
sectional  area  so  as  to  have  half  the  resistande  of  s  alone. 

With  the  arrangement  shown  at  (^),  the  current  is  neces- 
sarily small  and  hence  it  is  necessary  to  use  all  the  turns 
available  in  series  in  the  series-side  of  the  circuit;  moreover, 
the  added  resistance  probably  reduces  the  current  very  little 
because  the  relative  increase  in  the  resistance  of  the  series-side, 
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series-grounded  circuit  as  indicated  in  {6),  due  to  the  greater 
number  of  turns  in  s  s'  than  in  p,  would  seem  beneficial  on 
account  of  the  larger  resistance  of  the  series-circuit. 

53.  KelloiTK  Repeating;  Colls. — Two  types  of  repeat- 
ing coils  are  made  by  the  Kellogg  Switchboard  and  Supply 
Company;  both  are  enclosed  in  iron  shells  to  prevent  cross-talk 


between  neighboring  coils.  The  shells  are  copper  plated 
and  oxidized  to  prevent  corrosion.  The  outside  diameter  of 
the  coil  is  a  inches,  and  the  length  over  all,  including  ter- 
minals, is  25  inches.  Fig,  20  shows  a  Kellogg  No.  4  repeat- 
ing coil,  a  type  that  has  not  enough  turns  or  enough  iron  in 
the  core  for  operating  drops  or  ringers  through  it,  and  hence 


F8ti 


LONG-DISTANCE  TELEHHONY 


451 


is  seldom  used  on  mag^neto-switchboards:  but  it  is  especially 
suitable  for  use  on  toll  lines  through  which  talking  efficiency 
is  very  essential.  Eight  terminals  like  m.n  are  brought  oat 
at  one  end  of  the  coil. 

Fig.  21  shows  a  Kellogg  No.  6  A  repeating  coil,  a  type 
made  (or  ringing  through  as  well  as  talking.  It  is  a  com- 
promise, or  average,  between  the  best  talking  coil  and  the 
best  ringing  coil.  This  coil  is  suitable  for  ordinary  local- 
exchange  work.  Both  coils  have  four  windings,  which  are 
brought  out  to  eight  terminals,  so  that  the  middle  points  of 
the  coils  are  available  for  various  purposes.  For  regular 
I  service,  where  only  two  windings  are  required,  the  middle 
I  terminals  can  be  connected  together  as  shown  in  Figs.  20  (*) 
■  and  21  (*).  thus  combining  two  windings  in  each  half  of  the 
repeating  coil.  Figs.  20  Ic)  and  21  (c)  show  how  these  same 
coils  are  connected  for  their  central -energy  system.  Where 
a  1  to  1  ratio  of  transformation  is  required,  the  coil  shown  in 
Fig.  20  is  provided  with  four  windings  of  1,3.57  turns  each;  the 
resistance  of  each  half  of  the  coil  being  190  ohms;  this  coil 
is  termed  their  No,  4  A.  When  wound  to  step-up  the  voice 
currents  with  a  ratio  of  1  to  2,  so  as  to  be  suitable  for  toll  or 
long-distance  work,  and  termed  No.  4  C  repeating  coil,  ter- 
minal 2  should  be  connected  to  ,}  and  fi  to  7.  This  will  give 
thehalf  of  the  coil  between  the  terminals  7  and  J  a  total  of  1,9-50 
turns  and  53  ohms  resistance,  while  the  other  half  of  the  coil, 
between  terminals  5  and  S,  will  have  3,900  turns  and  332  ohms 
resistance.  The  coil  shown  in  Fig.  21,  which  is  designed  for 
both  ringing  and  talking  currents  and  adapted  for  use  on  all 
circuits  requiring  a  combination  coil,  is  provided  with  four 
windings  of  2,400  turns  each,  the  resistance  of  each  half  of 
the  coil  being  120  ohms.  When  coils  No.  4  A  or  No,  5  A 
are-used  in  local  battery  systems,  connect  together  termi- 
nals 2,  7  and  also  4,3.  This  brings  the  one  half  of  the  coil 
between  terminals  l.d,  ahd  the  other  half  between  termi- 


nals 3,6. 
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SMALL  SWITCHBOARDS 
1.     A  telephone  excliani;e  is  a  combination  of  a  num- 
■  of   telephones,  with   their  line   circuits   and    switching 
*  devices,  whereby  any  telephone  may  be  connected,  by  means 
of  the  lire  circuits  and  the  switching  devices,  with  any  of 
the  other  telephones,   for  the  purpose  of  establishing  com- 
munication between  them.     The  ordinary  form  of  exchange 
comprises  a  central  office  from  which  the  Unes  or  circuits  of 
the  various  telephone  users,  or  subscribers,  radiate.     These 
lines  terminate  at  the  central  office  in  a  more  or  less  compli- 
cated switching  device  known  as  the  stviickboard. 

The  term  telephone  system  is  used  to  denote  the  organ- 
ization of  the  exchange  as  a  whole,  and  refers  more  to  the 
arrangement  of  the  various  pieces  of  apparatus  with  respect 
lo  their  circuits  than  to  the  actual  construction  of  the  appa- 
^Hratus,  although  this  latter  feature  must  confonn   with   the 
^■icircuits  and  arrangement  of  the  parts,  in  order  that  each 
^^nart  may  properly  perform  its  function. 

Vela! 
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CLASSIFICATION  OF  SWITCHBOARDS 
Switchboards  may  be  divided  into  two  general 
[  classes:  manual  and  automatic.  Manual  switchboards 
comprise  those  in  which  the  various  operations  needed  to 
bring  about  a  desired  connection  or  disconnection  between 
any  two  subscribers  are  performed  manually  by  operators 
— nsnally  girls.  Automatic  switchboards  include  those 
requiring  no  central -office  operators,  reliance  being  placed 
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on  mechanisms  at  the  central  station,  adapted  to  be  con- 
trolled by  the  subscribers  themselves,  in  order  to  bring 
about  the  desired  connection  and  disconnection. 

3.  Either  class  may  have  primary  batteries  in  local  circuits 
at  the  subscribers*  stations  for  operating  the  transmitters;  such 
systems  are  termed  local-battery  systems.  Or  all  sources  of 
electrical  energy  may  be  located  at  the  central  exchange;  such 
systems  are  termed  cominon-battery  or  central-energy 
systems.  Central -energy  systems  require  no  batteries  or 
magneto-generators  at  the  subscribers*  stations. 

When  a  manual  local-battery  system  is  provided  with 
magneto-generators  at  each  subscriber's  telephone  for  call- 
ing up  the  exchange,  it  is  usually  called  a  magrneto-system. 

When  the  exchange,  in  a  local-battery  system,  is  called  up 
by  the  mere  removal  of  the  receiver  from  its  hook  switch, 
and  the  disconnect  signal  is  given  by  merely  hanging  up  the 
receiver,  it  is  frequently  termed  a  local-battery  talking  and 
common-battery  supervisory  system^  or  simply,  a  common-battery 
supervisory  system^  or  a  common-battery  signaling  system. 

Manual  and  automatic  switchboards  may  be  operated  on 
the  local-battery,  common-battery  supervisory,  or  central- 
energy  system. 

4.  Exchange  systems  may  have  their  line  circuits  arranged 
as  complete  metallic  circuits;  that  is,  two  wires  used  throughout 
for  each  telephone  circuit;  or  as  common-return  circuits^  a 
common  wire  being  used  as  a  return  for  any  number  of  tele- 
phones, to  each  of  which  one  individual  line  wire  is  run;  or  as 
ground-return  systems^  in  which  one  individual  wire  is  run  to 
each  telephone  and  the  ground  is  used  as  a  common-return  for 
all  the  telephone  circuits.  Although  one  wire  may  be,  and 
formerly  was,  extended  throughout  the  switchboard  for  com- 
mon-return and  ground-return  systems,  it  is  now  no  longer 
considered  allowable;  good  practice  now  demands  complete 
metallic  circuits  within  the  exchange  building,  even  if  the 
outdoor  lines  consist  of  common-return  or  ground-return 
circuits.  Hence,  but  little  consideration  will  be  given  to 
ground-return  or  common-return  switchboards. 
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SWITCHBOARD  BBQUIREMBNT8 

5.  General  Operation.— In  a  manuat  switchboard, 
apparatus  must  be  provided  for  attracting  the  attention  of 
the  operator  when  a  subscriber  desires  a  connection,  means 
(or  enabling  the  operator  to  connect  her  telephone  with  the 
line  of  a  calling  subscriber  in  order  to  receive  from  him  the 
order  for  connection,  means  for  connecting  his  line  with 
the  line  of  the  subscriber  called  for,  means  for  calling  up  the 
latter  subscriber,  and  lastly,  means  enabling  either  of  the  con- 
nected subscribers  to  attract  the  attention  of  the  operator  in 
order  to  inform  her  that  the  connection  is  no  longer  desired, 
or  that  they  desire  their  lines  connected  with  those  of 
other  subscribers. 

6.  Call-Recelvinsr  Device.— The  device  by  means  of 
'hich  a  subscriber  is  enabled  to  attract  the  attention  of  the 

lerator  at  a  magneto-switchboard  is  usually  some  form  of 
electro-mechanical  anmmciator;  this  is  termed  a  drop  from 
the  fact  that,  as  ordinarily  constructed,  a  shutter  or  target  is 


allowed  to  fall  in  order  to  display  a  signal  to  the  operator.  It 
is  released  at  the  proper  time  by  a  current  passing  through 
its  electromagnet  when  a  subscriber  operates  his  signal- 
sending  device.  One  form  of  such  an  annunciator,  or  drop, 
is  shown  in  Fig.  1,  in  which  Cis  an  electromagnet  mounted 
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behind  the  front  plate  of  the  switchboard.  5  is  a  shutter 
pivoted  near  the  lower  end  and  normally  held  in  its  raised 
position  by  a  catch  on  the  end  of  the  lever  L.  This  lever  is 
rigidly  secured  to  the  armature  A^  which  is  pivoted  to  an 
upwardly  projecting  plate  from  the  rear  end  of  the  magnet 
spool,  as  shown.  When  a  ciurent  is  sent  through  the  coil  C, 
the  armature  A  is  attracted  to  the  core,  lifting  the  front  end 
of  the  lever  Z,,  thus  removing  the  catch  from  engagement 
with  the  shutter  and  allowing  it  to  fall,  and  thereby  display- 
ing to  the  operator  a  designating  number,  either  on  the  back 
face  of  the  shutter  5,  or,  what  is  more  usual,  on  that  portion 
of  the  front  plate  that  is  normally  concealed  by  the  shutter. 

7.  Nlg:ht  Alarm. — An  auxiliary  feature,  known  as  a 
nlg^ht-alarm  attacliiiienty  is  shown  in  connection  with 
this  drop.  When  the  shutter  falls,  the  spring  /,  which  is 
made  of  very  thin  spring  metal  so  as  to  be  easily  bent,  is 
pressed  into  engagement  with  the  contact  pin  u  by  the  cam 
projecting  from  the  bottom  of  the  shutter.  The  spring  / 
and  contact  u  form  the  terminals  of  a  circuit  containing  a 
battery  and  an  ordinary  vibrating  bell;  the  bell  is  therefore 
sounded  whenever  a  drop  falls,  unless  the  night  alarm  is 
open  at  some  other  point  by  a  switch,  which  is  usually  the 
case  during  the  daytime,  when  an  operator  is  required  to  be 
constantly  in  front  of  the  board,  and  therefore  able  to  per- 
ceive visually  the  shutters  as  they  fall.  This  night-alarm 
arrangement  is  therefore,  as  a  rule,  used  only  at  night,  when 
the  exchange  is  not  busy  and  when  one  operator  is  required 
to  serve  a  larger  number  of  lines  than  she  could  during  the 
busy  portions  of  the  day. 

8.  Connecting  Devices. — The  devices  by  which  the 
operator  is  enabled  to  connect  her  telephone  with  the  line  of 
a  calling  subscriber,  and  to  subsequently  connect  that  line 
with  some  other  line,  consists  of  switches,  termed  spring 
jacks,  and  connecting  cords  terminating  in  plugs.  The 
spring  jacks  are  usually  in  the  form  of  stationary  sockets, 
which  contain  simple  switching  devices  permanently  con- 
nected with  the  subscriber's  line  circuit  to  which  that  jack 
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belongs.  The  connecting  piugSy  forming  the  terminals  of 
flexible  curds,  are  adapted  to  fit  into  the  spring  jacks  and 
continue  the  circuit  of  the  corresponding  lines  to  the  tele- 
phone of  the  operator  or  to  the  line  of  another  subscriber. 


SWITCHBOABD   FOR   COMMON-KETL'RN   Olt 
GROirNWEU   LINKS 

9t  circuits  and  Appanitiis. — The  circuits  of  one  of 
the  simplest  possible  forms  of  switchboard,  including  also  the 
circnits  of  two  subscribers'  stations,  are  shown  in  Fig.  2. 
J,  f  are  spring  jacks  connecteti  with  subscribers'  lines,  as 
shown.  The  contact  pin  or  anvil  v  or  v'  on  each  jack  is  con- 
nected, through  the  magnet  of  a  drop  D  or  D',  to  the 
ground,  so  that  under  normal  conditions,  as  shown  at  J',  the 
circuit  of  the  line  passes  through  the  drop  coil  lo  ground; 
but  when  a  plug  is  inserted,  as  shown  at  J,  the  connection 
tbrough  the  drop  is  broken  by  lifting  the  spring  of  the  jack 
out  of  contact  with  its  anvil  v.  P.  P"  are  the  connecting 
plugs,  attached  by  means  of  flexible  cords  to  the  levers  of  the 
keys  A*,  A"',  respectively,  which  levers  are  normally  pressed 
against  their  upper  contacts  by  means  of  suitable  springs,  so 
that  the  circuit  between  them  is  normally  completed  through 
the  coil  of  a  drop  CO,  but  by  depressing  either  of  the  keys 
A' or  A",  the  corresponding  plug  is  cut  off  from  the  other 
plug,  and  at  the  same  time  is  connected  with  one  terminal 
of  a  magneto-generator  6",  the  other  terminal  of  which  is 
grounded.  Connected  to  the  upper  contact  of  the  key  A"  is 
a  lever  that  may  be  depressed  by  the  cam  O  against  a  con- 
tact forming  one  terminal  of  the  secondary  circuit  of  the 
operator's  equipment,  including  her  walch-case  receiver  /f 
and  the  secondary  winding  s  of  her  induction  coil.  The  other 
terminal  of  this  circuit  is  grounded.  The  primary  circuit, 
containing  the  battery  /}  and  the  operator's  transmitter  T.  is 
associated  with  the  secondary  circuit  by  means  of  the  pri- 
mary winding^  of  the  induction  coil. 

10.  Operation. — Suppose  that  subscriber  A  sends  in  a 
call  by  operating  the  generator  of  bis  telephone  set  and  then 
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^Bakiog  down  his  receiver.  The  operator  will  see  the  shutter 
B^of  the  annunciator  /?iall,  and  will  at  once  insert  the  plug  P 
into  the  corresponding  jack  J  and  restore  the  shnller  of  the 
drop  D;  this  condition  is  shown  in  this  figure.  She  then  turns 
the  cam  lever  O  into  such  a  position  as  to  press  its  lever 
against  the  contact  below,  thereby  connecting  her  telephone 
set  between  the  line  /.  and  the  ground.  This  circuit  may  be 
traced  through  line  wire  Z.-jack  /-plug  /^-flexible  cord  C-key 
^uf-listening  key  0-operator's  receiver  >?-secondary  winding  s 
^E>^ound.  The  operator  is  thus  enabled  to  converse  with  the 
Fcalling  subscriber,  and  learning  that  he  wishes,  we  will  say. 
to  converse  with  subscriber  B  on  line  L' .  she  inserts  plug  /* 
into  jack  J'  and  presses  down  lever  A*'.  This  latter  move- 
ment disconnects  plug  P'  from  the  drop  Cf  and  plug  P,  and 
t immediately  thereafter  connects  it  with  the  terminal  of  the 
Balling  generator  G.  This  generator  is  usnally  constantly 
driven  by  an  electric  motor,  so  that  a  current  at  once  flows 
from  the  generator  through  key  A''-pIug  /"-jack  y'-line  L' 
—bell  of  the  called  subscriber  to  ground,  thus  calling  him  to 
his  instrument.  If  subscriber  B  acknowledges  the  operator's 
call,  she  restores  O  to  its  original  position,  thus  cutting  out 
her  own  telephone  set,  and  key  K'  being  already  released, 
the  two  subscribers  are  connected  together  for  conversation 

t through  the  following  circuit:  From  ground  at  the  station  W 
Hubscriber  A'%  receiver,  secondary  winding  of  induction  coil 
nnd  hook  switch-line  A-spring  jack  A-plug  /'-flexible  cord  C 
-key  A'-drop  CO-key  A''-flexibIe  cord  C'-plug  /"-jack  /' 
-line  /-'-subscriber  /?'s  hook  switch,  secondary  winding  of 
induction  coil  and  receiver  to  ground. 

It  will  be  noticed  that  the  drop  CO  is  included  in  this  cir- 
cuit connecting  the  two  subscribers.  This  is  called  the 
clearing-out  drop,  and  its  function,  as  its  name  Implies,  is  to 
convey  a  signal  to  the  operator  when  either  subscriber  oper- 
ates his  generator,  after  conversation,  to  signify  that  a  dis- 
connection is  desired,  or  that  the  subscribers  wish  their 
lines  connecled  to  other  subscribers.  When  the  shutter  of 
this  drop  falls,  the  operator  therefore  again  listens  in  the 
circuit  by  operating  the  key  lever  O,  and  if  she  obtains  no 
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response  from  either  party,  concludes  that  the  sis^nal  was 
for  disconnection,  and  removes  both  .plug^s  P^  P*  from  the 
jacks.  Although  the  clearing-out  drop  is  in  series  with  the 
line  wires  during  conversations,  its  inductance  is  made  low 
enough  to  avoid  serious  interference  with  the  quality  of 
transmission.  When  the  operator  listens  on  the  circuit  of 
two  connected  subscribers,  her  telephone  is  contained  in  a 
parallel  circuit  branching  from  the  wire  connecting  the  two 
subscribers  to  the  ground.  The  current  from  the  telephone 
of  that  subscriber  who  happens  to  be  talking  at  any  instant 
divides  between  the  operator's  and  the  other  subscriber's 
telephone. 

11.  The  jacks  7,7'  and  their  corresponding  drops  Dyiy 
are  shown  removed  from  each  other  as  though  on  separate 
boards;  but  this  is  done  merely  for  the  sake  of  clearness  in 
diagrammatical  illustration,  and  this  system  will  be  followed 
largely  throughout  this  work.  For  further  clearness,  the 
flexible  cords  C,  C,  connecting  the  plugs  P^  P'  with  the  keys 
KyK^  respectively,  are  represented  by  a  straight  line;  in 
practically  all  switchboards  having  flexible  cords  and  plugs, 
pulleys  and  small  weights  are  used  to  keep  each  cord  taut. 
A  watch-case  receiver  R  is  found  most  desirable  on  account 
of  its  light  weight  and  shape  for  operators*  use,  and  is, 
employed  in  nearly  every  central  exchange. 

12.  Ground  Connections. — All  the  circuits  at  the  cen- 
tral office  that  are  connected  with  the  ground  are  first  con- 
nected with  a  common  wire  w,  which  is  itself  grounded  at 
what  is  termed  the  office  ground.  Each  subscriber's  instru- 
ment is  also  connected  with  the  ground,  as  shown,  and  in 
this  ground  branch  is  normally  included  the  magneto-gen- 
erator and  call  bell,  while  the  receiver  is  on  its  hook. 
When,  however,  the  receiver  is  removed  from  its  hook,  the 
circuit  is  broken  through  the  calling  apparatus,  but  estab- 
lished through  the  talking  apparatus,  including  the  sub- 
scriber's receiver  and  the  secondary  winding  of  his  induction 
coil.  These  circuits  are  the  same  as  those  described  in 
connection  with  telephone  instruments. 
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13.     Ground  on  Comnioa  Keturn. — When  a  common- 
^return  wire  is  used  instead  of  ground,  the  connection  is  made 
I  as  shown  by  the  dotted  line;  the  ground  at  the  subscriber's 
]  station  is  then  omitted,  except  for  the  purpose  of  obtaining  a 
ground  for  the  lightning  arrester.    Many  exchange  managers 
prefer  to  ground  the  common-return  wire  at  the  central  office, 
and,  on  the  other  hand,  many  equally  competent  managers 
keep  the  common-return  wire  free  from  grounds  throughout 
the  entire  system.     In  some  cases,  undoubtedly,  one  plan 
might  prove  more  desirable  than  the  other,  and  as  the  experi- 
ment is  easily  tried,  the  proper  method  to  suit  any  case  can 
I  best  be  determined  by  actual  trial. 


SWITCHBOARD  FOR  METALLIC-CIRCUIT  LINES 

14.  The  switchboard  so  far  described  is  suitable  for 
either  grounded  or  common-return  lines.  A  switchboard  to 
accommodate  metallic-circuit  lines  is,  however,  of  somewhat 
different  construction,  because  connections  must  be  provided 
for  two  wires  for  each  line  circuit,  and  also  means  for  con- 
tinuing the  circuit  from  these  two  wires  through  the  switch- 
board, in  order  to  connect  them  with  the  two  wires  of 
another  line.  The  signal-receiving  device  need  not  be 
diflferent  from  that  of  the  common-return  or  grounded  line 
board,  although  the  method  of  connecting  it  with  the  circuits 
is  different.  The  jack  and  plug,  however,  must  each  be  pro- 
vided with  two  contacts  instead  of  one;  the  two  contacts  in 
the  jack  forming,  respectively,  the  terminals  of  the  two  sides 
of  the  line  circuit,  and  the  two  contacts  on  the  plug  adapted 
to  connect  with  the  jack  contacts  when  the  plug  is  inserted. 
Each  contact  on  a  plug  is  normally  connected  to  a  similar 
contact  on  the  companion  plug  through  the  means  of  a 
double-conductor  flexible  cord.  The  arrangement  of  the 
operator's  talking  circuits  and  also  of  the -circuits  of  the 
calling  apparatus  follow  the  same  general  plan  as  that  of 
the  grounded -circuit  system,  but  instead  of  connecting  these 
■  various  circuits  between  a  single-cord  conductor  and  the 
I  ground  or  common  return,  they  are  connected  between  the 
t  two  conductors  of  the  flexible  cord. 
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15.  Jack  and  Plug:. — In  Fig.  3  is  shown  a  spring-jack 
arranged  for  metallic  circuits,  and  also  a  double-contact 
plug,  the  two  metallic  portions  of  which  are  adapted  to 
engage  the  contacts  in  the  spring  jack.  In  this  jack,  s  is  the 
metallic  framework  on  which  the  various  parts  are  mounted. 
Carried  on,  but  insulated  from  this  framework  is  the  spring  / 
that  normally  rests  on  the  insulated  pin  p,  to  which  is  con- 
nected a  metallic  strip  c.  One  side  of  the  line  circuit  is 
connected  with  the  metallic  frame  s  by  means  of  the  screw  /'. 
The  other  terminal  of  the  line  is  connected  with  the  rear 
projection  of  the  spring  /;  while  the  rear  projection  of  the 
strip  c  is  connected  with  one  terminal  of  the  winding  of  the  line 
drop,  the  other  terminal  of  which  is  connected  to  the  frame  of 
the  jack  at  s^'.    The  plug  P  has  an  insulated  handle  and  two 
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metallic  contacts  A  and  j',  to  each  of  which  is  connected,  on  the 
interior  of  the  insulated  handle,  a  terminal  of  one  of  the  con- 
ductors of  a  flexible  cord*  The  contact  A  is  termed  the  itp, 
while  the  contact  s^  is  termed  the  sleeve,  of  the  plug,  the  latter 
surrounding  the  former,  but  carefully  insulated  from  it  by 
means  of  a  tubular  bushing  of  hard  rubber  or  similar  material. 
The  conductor  of  the  cord  circuit  that  makes  contact  with  the 
tip  of  the  plug  is  usually  designated  as  the  tip  strand  of  the 
cord,  and  the  conductor  making  contact  with  the  sleeve  of 
the  plug  is  termed  the  sleeve  strand.  For  similar  reasons,  the 
contact  spring  /  in  the  jack  is  termed  the  tip  spring,  while  the 
contact  5  with  which  the  sleeve  of  the  plug  engages,  in  this 
case  the  metallic  frame  of  the  jack  itself,  is  called  the  sleeve 
contact,  and  the  two  sides  of  the  line  are  frequently  termed 
the  tip  and  sleeve  conductors,  respectively. 
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16.  lilne  and  Test. — Another  way  of  designating  the 
two  conductors  of  the  line  circuit  and  their  respective  con- 
tacts is  to  speak  of  that  conductor  which  is  connected  with 
the  spring  /  as  the  line,  while  the  other  side  is  termed  the 
test.  The  reason  for  this  designation  will  be  understood 
when  multiple  boards  are  discussed,  but  for  the  present  the 
terms  tip  and  sleeve  will  be  adhered  to. 

When  the  plug  is  inserted  into  the  jack,  its  tip  makes  con- 
tact with  the  spring  /  and  raises  it  from  engagement  with 
the  pin  py  thus  breaking  the  circuit  through  the  line  drop. 


I. 
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Fig.  4 

17.  The  lilne  Circuit. — The  circuits  of  a  simple  metal- 
lic-circuit exchange  are  represented  in  Fig.  4,  in  which  7'./'' 
represent  metallic-circuit  jacks;  ^,  ^',  the  sleeve  contacts  of 
the  jacks;  /',  /'',  the  tip  springs;  //,  p" y  the  anvils;  and  /  the 
tip  and  s  the  sleeve  of  one  plug.  The  line  conductors  /,  /' 
are  connected,  respectively,  with  the  sleeve  and  tip  contacts, 
while  the  drops  D*  and  Z>"  are,  in  each  case,  connected 
between  the  anvil  and  the  sleeve  side  of  the  line.     Under 
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normal  conditions,  as  shown  at  y^^  the  drop  is  connected 
between  the  tip  and  sleeve  sides  of  the  line.  The  circuit/ 
therefore,  of  a  calling  current  coming  from  subscriber  B^ 
when  there  is  no  plug  inserted  in  the  jack  7",  may  be  traced 
from  the  tip  side  /'  of  the  line  through  the  tip  spring  H' 
-anvil  ^''-coil  of  the  drop  Z^',  belonging  to  -^'s  line  to  the 
opposite  side  /  of  the  line. 

18.  The  Cord  Circuit. — P'  and  P"  are  termed, 
respectively,  the  answering  and  calling  plugs,  because  P'  is 
used  to  answer  an  original  call  and  P^'  for  calling  the  sub- 
scriber wanted.  The  tips  of  the  two  plugs  are  connected 
together  through  the  tip  strand  i  of  a  pair  of  the  flexible 
cords,  while  the  sleeves  are  similarly  connected  by  the 
sleeve  strand  2  of  the  same  pair  of  cords.  The  clearing- 
out  drop  CO  is  permanently  bridged  across  the  tip  and  sleeve 
strands  of  the  answering  plug  side  of  the  cord  circuit.  In 
order  that  this  drop  shall  not  form  a  circuit  of  too  low  resist- 
ance between  the  two  sides  of  the  circuit  while  connecting 
two  subscribers  together,  the  coil  of  the  drop  is  wound  to  a 
high  resistance,  from  500  to  1,000  ohms.  The  impedance  of 
the  drop  is  still  further  increased  by  enclosing  the  entire 
winding  in  a  tube  of  soft  annealed  iron,  which  tube  forms  the 
return  portion  of  the  magnetic  circuit  of  the  core,  furnishing 
a  path  of  low  magnetic  reluctance  for  the  lines  of  force,  and, 
therefore,  with  a  given  iron  core,  a  given  number  of  turns 
in  the  coil,  and  a  given  current,  the  total  number  of  lines 
of  force,  and  consequently  the  inductance  will  be  a  maximum. 

From  the  formula 

Impedance  =  <R*  -\-(2nnLy 

it  is  evident  that  the  impedance  will  be  much  larger  than  the 
simple  resistance  R  when  both  the  inductance  L  and  the  fre- 
quency n  are  large,  as  they  will  be  with  this  tubular  form  of 
drop  during  a  conversation.  While  talking,  the  average 
value  of  n  is  about  300,  but  for  the  current  from  a  tele- 
phone generator  it  is  only  about  14  to  20.  The  impedance 
of  the  drop  is  therefore  much  larger  for  the  talking  than  for 
the  generator   current,  and  consequently  sufficient  of   this 
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latter  current  will  flow  through  it  to  drop  the  shutter,  but 
practicallj'  none  of  the  talking  current  can  pass  through  it. 
I  19.  Rfnglngr  and  Ustealnsr  Key»s. — The  listening 
Efcey  A',  when  depressed,  will  connect  the  secondary  circuit 
'Of  the  operator's  telephone  set  across  the  two  strands  of  the 
answering  plug  /",  the  action  of  this  key  being  as  follows: 
The  conical  wedge  a,  when  pressed  down  by  the  button, 
presses  the  two  springs  b.  c  that  form  the  terminals  of  the 
secondary  of  the  operator's  circuit  against  the  stationary 
anvils  d,  e,  which  are  connected,  respectively,  with  the  two 
strands  of  the  answering  cord. 

fC  is  the  ringing  key.  by  which  the  operator  may  connect 
the  terminals  of  the  calling  generator  G  with  the  two 
strands  of  the  cord  of  the  calling  plug  P".  Normally  the 
tip  strand  I  of  the  calling  plug  is  connected  with  that  of 
the  answering  plug  by  means  of  the  spring  /  resting  against 
the  anvil  ^  of  the  ringing  key,  and  in  a  similar  manner,  the 
circuit  between  the  sleeve  strands  2  of  the  pair  of  plugs 
is  maintained  continuous  by  the  spring  k  resting  against  the 
anvil  i.  When  the  key  A''  is  pressed,  however,  the  springs 
/,  h  are  forced  out  of  engagement  with  the  anvils  g,  i  and 
are  pressed  against  the  anvils/,  k  forming  the  terminals  of 
the  generator  G.  Thus,  the  operation  of  the  key  A"'  discon- 
nects (he  calling  plug  P"  from  the  answering  plug  P'  and  con- 
nects the  calling  plug  with  the  terminals  of  the  generator  G. 

20.  Calling:  Central. — The  subscriber  A.  for  the  pur- 
pose of  sending  a  call,  operates  his  generator  and  causes 
his  drop  D"  at  the  central  office  to  display  its  signal.  The 
operator,  in  answer  to  this  signal,  has  inserted  the  answer- 
ing plug  P'  into  the  jack  J',  thereby  continuing  the  circuit 
of  the  subscriber's  line  lo  the  cord  circuit,  and  at  the  same 

cutting  out  the  drop  D"  by  lifting  the  spring  /'  from  the 
ivil  p'.     It  is  in  this  position  that  the  apparatus  is  shown. 

21.  LiBtpnluK  In. — The  next  Step  on  the  part  of  the 
operator  is  to  depress  the  key  A',  [hereby  forcing  the 
springs  b  and  c  into  engagement  with  the  anvils  d.e.  and 
bridging  her  secondary  circuit  containing  the  head  receiver  R 
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and  the  secondary  5*  of  the  induction  coil  across  the  cord 
circuit.  She  is  enabled  to  converse  with  the  calling  sub- 
scriber in  the  ordinary  manner,  the  circuit  over  which  this 
conversation  takes  place  being:  traced  as  follows:  secondary 
winding  5  of  the  operator's  induction  coil-spring  r-anvil  e- 
sleeve  strand  2-sleeve  of  plug  and  jack  j'-line  wire  /-bind- 
ing post  L  of  telephone  -^-receiver  ^'-secondary  winding  of 
induction  coil-lever  H^  of  the  hook  switch-binding  post  Z,'- 
line  wire  /'-tip  spring  /'  of  the  jack-tip  of  plug  /"-tip  strand  1 
of  the  cord-anvil  ^-spring  ^-operator's  receiver  /?-back  to 
the  secondary  S,  This  circuit  is  acted  on  by  the  operator's 
transmitter  through  her  primary  coil  P^  in  the  ordinary 
manner. 

22.  Making:  Connection. — Having  learned  that  the 
subscriber  A  desires  to  be  connected  with  subscriber  B,  the 
operator  inserts  the  calling  plug  P^'  into  the  jack  /"  of  sub- 
scriber B,  thus  cutting  out  his  line  drop  D"  and  establishing 
connection  with  his  line  wires  /,  /'.  She  then  depresses  the 
ringing  key  K\  which  connects  the  generator  G  directly 
across  strands  1  and  2  of  the  calling  cord,  thus  ringing  the 
bell  C  at  the  station  of  subscriber  B.  TJiis  calling  current 
from  the  generator  G  does  not  pass  to  the  station  of  the 
subscriber  A,  because  in  its  action  the  key  K'  disconnected 
the  plug  P'  from  the  rest  of  the  circuit  by  breaking  the  con- 
tacts between  h,  i  and  fyg.  It  is  not  desirable  to  send  the 
calling  current  from  the  switchboard  generator  to  the  station 
of  the  subscriber  calling,  because  he  is  holding  his  receiver 
to  his  ear,  and  the  generator  current,  in  passing  through  it, 
will  produce  a  violent  noise,  sometimes  very  painful  to  the 
eardrum  and  always  annoying.  For  this  reason,  in  good 
switchboards  provision  is  made  whereby  the  answering  plug 
is  cut  off  when  the  ringing  generator  is  connected  with  the 
calling  plug. 

23.  Talking  Circuit. — When  subscriber  B  removes 
his  receiver  from  its  hook,  the  talking  circuit  between  the 
two  subscribers  is  complete,  and  may  be  traced  as  follows: 
Secondary  of  the  induction  coil  at  the  station  of  subscriber 
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-^-receiver  R"  at  the  same  station-binding  post  Z-line  wire 
/-sleeve  s/'  of  jack  /"-sleeve  s  of  plug  /^"-sleeve  strand  2  of 
the  calling  cord-spring  ^-anvil  /-sleeve  strand  2-sleeve  of 
answering  plug  /''-sleeve  s^  of  jack  y'-line  wire  /-binding 
post  /^-receiver  ^'-secondary-hook  lever  //'-binding  post  U 
-line  wire  /'-tip  spring  /'-tip  of  the  answering  plug  /"-tip 
strand  1  of  answering  plug-anvil  ^-spring  /-tip  strand  i-tip  / 
of  calling  plug-tip  spring  /"-subscriber  B'^  line  wire  /'-bind- 
ing post  Z,'-hook  lever  H^'-h^s^  to  the  secondary  of  his 
induction  coil. 

24,  Clearing^  Out. — ^After  the  conversation  is  com- 
pleted, one  or  both  of  the  subscribers  should  operate  their 
generators,  or  ring  off,  as  it  is  usually  termed.  This  will 
send  a  generator  current  over  the  line  of  the  two  connected 
subscribers,  a  part  of  which  current  will  find  a  circuit  through 
the  clearing-out  drop  C  O,  and  cause  its  shutter  to  fall.  The 
operator,  seeing  the  signal,  should  again  depress  the  key  K 
and  inquire  if  the  subscribers  are  through  talking;  if  she 
receives  no  response,  she  will  disconnect  the  lines  by  remov- 
ing the  plugs.  If,  however,  one  of  the  subscribers  desires 
to  be  connected  with  still  another  subscriber,  the  operator 
may  receive  the  order  as  before,  and  complete  the  connec- 
tion desired. 
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SWITCHBOARD  DETAILS 

25.  The  two  switchboards  described  are  typical  of  a 
large  number  in  actual  use  in  the  United  States.  They  are 
never  adapted,  without  certain  important  modifications,  to 
exchanges  having  more  than  four  or  five  hundred  sub- 
scribers. Before  describing  the  systems  for  handling  a 
larger  number  of  subscribers,  the  various  parts  of  switch- 
boards will  be  discussed,  together  with  principles  of  their 
design.  However,  in  some  cases  it  will  be  better  to  describe 
the  switchboard  devices  in  connection  with  the  switch- 
board with  which  they  are  used. 


SWITCHBOARD  DROPS 

26.  General  Requirements. — Of  si?vitcliboard 
drops,  several  important  requirements  must  be  taken  into 
consideration.  The  drop  must  be  so  constructed  mechan- 
ically as  to  always  operate  with  certainty,  even  when  the 
magnet  is  acted  on  by  very  feeble  currents.  In  other  words, 
the  mechanical  arrangements  must  be  so  designed  that  the 
shutter  will  be  released  by  the  least  possible  amount  of 
energy  imparted  to  the  armature.  The  electrical  design  is 
no  less  important  than  the  mechanical,  and  the  point  of 
greatest  importance  is  the  prevention,  so  far  as  possible, 
of  the  liability  to  short  circuits  or  open  circuits  between  the 
various  convolutions  of  the  winding  of  the  core  or  framework 
of  the  switchboard,  and  also  the  prevention  of  open  circuits 
due  to  the  breakage  of  the  wires.  In  order  that  the  armature 
may  be  acted  on  to  the  fullest  extent  by  the  magnetism  of 
the  core,  the  magnetic  circuit  should,  if  possible,  be  so 
arranged  as  to  present  both  poles  of  the  magnet  to  the 
armature,  so  that  the  magnetic  circuit  will  be  practically 
closed  by  the  armature  when  it  is  drawn  toward  the  poles. 


Is  1-2 


MAGNETO-SWITCHBOARDS 


17 


I 


I  The  artnalure  should  come  as  near  as  possible  to  the  poles 
Kwilhout  touching  them,  and  it  is  necessary  to  conslnict  the 
I  core,  the  armature,  and  all  portions  of  the  magnetic  circuit 
mot  the  best  grade  of  soft  iron,  so  that  there  will  not  be  enough 
Iresidual  magaetism  to  cause  the  armature  to  stick  to  the  pole 
Ipieces  after  the  current  ceases  to  flow  in  the  coil. 

It  ia  usually  important,  especially  in  the  larger  exchanges. 

I  to  economize  space,  in  order  that  the  requisite  number  of 

■  drops  and  jacks  may  be  placed  in  front  and  within  reach  of 

D  operator.     For  this  reason,  the  drops  must  be  made  small 

fand  momited  on  the  board  with  as  little  space  between  them 

as  the  mechanical  and  electrical  conditions  will  allow.     Each 

drop  should,  moreover,  be  readily  accessible  at  all  times,  and 

be  so  secured  lo  the  board  that  it  can  be  removed,  in  case  of 

a  breakdown,  without  disturbing  the  operation  of  the  other 

portions  of  the  apparatus. 

27.  Cross-Talk  Bet^reen  Drops. — The  mounting  ot 
B  number  of  drops  in  close  proximity  to  each  other  intro- 
duces serious  difficulty,  which  manifests  itself  in  the  form  of 
cross-talk.  This  is  true  only  in  the  case  of  drops  that  are 
included  in  the  circuit  of  the  line  during  conversation,  as  in 
the  case  of  the  clearing-out  drops,  and  also  in  switchboards 
where  the  line  drop  is  left  in  circuit  for  any  purposes  what- 
soever. This  is  due  to  the  induction  between  the  coils  of 
adjacent  drops.  For  instance,  when  voice  currents  are  pass- 
ing over  one  line  and  through  the  drop  in  the  circuit  of  thai 
.line,  the  coil  of  that  drop  acts  in  the  same  manner  as  the 
primary  winding  of  an  induction  coil,  setting  up  a  varying 
field  of  force,  which  field  reaches  out  so  as  to  include  the 
coils  of  the  adjacent  drops.  In  these  coils,  therefore, currents 
are  induced  which  vary  in  unison  with  the  currents  in  the 
coil  of  the  first  drop,  and  therefore  conversation  may  be 
overheard  on  the  lines  having  drops  within  the  field  of  force 
of  the  first  drop. 

28.  Uetnedlcs  Tor  Ci-oss*Talk, — Three  remedies  may 
iuggested  for  the  removal  of  this  trouble:      (I)   the  drop 

[Ray  be  cut  out  of  the  circuit  during  conversation;   (2)  (lie 
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drops,  if  left  in  circuit,  may  be  placed  so  far  apart  as  to 
not  affect  each  other;  and  (3)  the  mag^netic  circuit  of  the 
drop  may  be  so  arranged  as  to  confine  all  the  lines  of 
force  set  up  by  the  magnet  within  itself.  The  first  of  these 
remedies  is  possible  only  in  the  case  of  line  drops,  as  the 
clearing-out  drops  must  necessarily  be  left  in  circuit  during 
conversation.  They  are  usually  of  high  impedance,  and 
connected  across  the  circuit  and  not  in  series  with  the  line. 
However,  it  has  been  advantageous  in  some  cases  to  leave 
the  line  drop  in  the  circuit.  The  second  remedy  is  usually 
not  feasible,  because  of  the  lack  of  room  on  the  switchboard. 
The  third  remedy  is  the  one  that  is  usually  resorted  to,  and 
which,  if  properly  carried  out,  gives  excellent  results.  It 
involves  the  placing  of  the  coil  of  the  drop  completely 
within  a  shell  of  soft  iron,  which  forms  in  itself  a  portion  of 
the  path  of  the  magnetic  lines.  The  lines  of  force  issuing 
from  the  core  return  through  the  soft-iron  shell  to  their 
starting  point,  in  preference  to  straying  out  and  returning 
through  the  surrounding  region. 

29.     Illustration    of    Cross-Talk    BetTveen    Drops. 

In  Fig.  5,  A  and  A'  represent  the  magnets  of  two  switch- 
board drops  taken  from  a  switchboard  and  connected  in  cir- 
cuits, as  shown.  Drop  A  is  included  in  circuit  with  the 
secondary  S  of  an  induction  coil,  the  primary  P  of  which  is 
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connected  in  circuit  with  the  transmitter  T  and  the  bat- 
tery B.  Drop  A'y  which  is  entirely  separated  from  drop  A^ 
is  included  in  circuit  with  a  receiver  R.  The  transmitter  and 
induction  coil  should  be  at  such  a  distance  from  the  two 
drops  and  the  receiver  as  to  render  it  impossible  for  the 
sounds  uttered  before  the  transmitter  to  be  heard  through 
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the  air  at  the  point  where  the  drops  and  receiver  are  located. 
If  a  person  holds  the  receiver  to  his  ear  and  moves  the  two 
drops  A  and  A'  with  respect  to  each  other,  he  will  find  that 
in  certain  positions  he  will  hear  the  sounds  uttered  before 
the  transmitter  very  distinctly,  even  though  the  two  drop 
coils  are  removed  from  each  other  by  a  distance  of  several 
inches.  With  an  ordinary  electromagnet,  such  as  is  shown 
ta  the  drop  illustrated  in  Fig.  1.  it  is  often  possible  to  hear, 
these  sounds  in  the  receiver  when  the  two  drops  are  as  much 
as  a  foot  apart;  while  if  the  two  drops  be  moved  together, 
as  they  would  be  when  in  position  on  a  switchboard,  the 
sounds  are  so  distinct  that  a  conversation  can  be  carried  on 
without  trouble. 

30.  It  is  probably  the  claim  of  all  manufacturers  that 
no  cross-talk  can  exist  between  their  switchboard  drops. 
If  the  drops  are  cut  out  of  line  by  the  insertion  of  the  plug, 
no  further  precautions  need  be  taken  in  this  respect  on  the 
part  of  a  purchaser,  but  if  the  drop  is  left  in  circuit  at  all 
limes,  it  is  well  to  investigate  this  matter  thoroughly.  The 
teat  may  be  made  by  the  method  illustrated  in  Fig.  5,  and 
great  care  should  be  taken  that  the  conditions  are  the  same 
as  those  that  actually  exist  in  the  switchboard;  and  it  is 
therefore  well  to  make  the  test  while  the  drops  are  actually 
in  place  on  the  switchboard.  Unless  drops  are  of  the  iron- 
clad type  or  are  cut  out  of  circuit,  it  is  safe  to  say  that 
cross-talk  will  exist  to  a  more  or  less  serious  extent 
between  them.  

DIFFICDLTIES    WITH    CLEARING-OUT    DROPS 

31.  In  magneto-exchanges,  the  clearing-out  drop,  if  con- 
nected in  series  in  the  cord  circuit,  produces  a  distortion  of 
the  telephone  current,  due  to  the  inductance  of  the  coil; 
however,  this  makes  a  very  reliable  clearing-out  drop.  The 
distorting  effect  could  be  reduced  by  connecting  a  very  high 
bat  non-inductive  resistance,  or,  belter  still,  a  condenser  not 
exceeding  2  microfarads  capacity,  in  parallel  with  the  clear- 
ing-out drop.     If  the  clearing-out  drop  is  bridged  across  the 
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cord  circuit,  its  impedance  is  removed  from  the  line,  but  the 
drop  must  be  wound  to  a  rather  hig^h  resistance,  and  it  is, 
therefore,  not  so  responsive  to  signals  from  the  subscribers, 
and  complaints  from  the  subscribers  who  ring:  the  party  to 
whom  they  have  been  talking,  but  fail  to  throw  the  drop  at  the 
exchange  are  not  uncommon,  because  the  lower  resistance 
bell  at  the  subscriber's  station  absorbs  too  much  of  the  cur- 
rent, this  being  especially  noticeable  on  short  lines.  The 
greatest  difficulty  with  a  clearing-out  drop  is,  of  course, 
the  fact  that  the  subscribers  neglect  to  ring  oflE  when  they 
are  through  talking,  in  spite  of  all  that  can  be  done  by  the 
exchange  manager  and  operators. 

To  secure  disconnection  and  a  second  connection  on  mag- 
neto-switchboards, with  which  both  bridging  and  series  tele- 
phones are  connected,  has  been  the  cause  of  considerable 
annoyance  and  complaint  due  to  the  failure  of  the  clearing- 
out  drop  to  operate.  Where  a  l»0(X)-ohm  clearing-out  drop 
is  connected  across  the  cord  circuit,  and  a  subscriber  A^  who 
has  a  bridging  telephone,  attempts  to  ring  off  by  turning  his 
generator  when  his  circuit  is  connected  to  a  series-telephone  B, 
he  usually  finds  that  he  has  not  been  disconnected  from 
subscriber  B  who  is,  therefore,  summoned  to  the  telephone 
a  second  time,  and  both  conclude  that  the  service  is  poor. 
The  trouble  is  due  to  the  fact  that  the  clearing-out  drop  has 
failed  to  operate,  because  the  80-ohm  series-bell  at  station  B 
shunts  too  much  of  the  current  around  the  1,000-ohm 
clearing-out  drop.  If  both  telephones  A,  B  happen  to  be 
series-instruments,  the  same  difficulty  in  ringing  off  will 
be  experienced  by  each  subscriber.  Under  these  conditions, 
the  only  chance  the  subscribers  have  of  securing  a  discon- 
nection is  by  the  constant  supervision  of  the  operator  who 
listens  in  and  says  in  the  usual  manner,  **Waiting?*'  **Wait- 
ing?"   **A11  through?"         

REMEDIES    FOR    CLEARING-OUT    DIFFICTJXTIES 

32,  Drop  Shunted  by  Condensep. — There  are  several 
quite  simple  methods  for  reducing  this  difficulty.  The  first 
method  consists  in  connecting  a  1,000-ohm  drop  in  series  in 


MAGNETO-SWITCHBOARUS  21 

one  side  of  the  cord  circuit,  for  instance,  iu  the  tip  conductor, 
and  connecting  a  condenser  of  2  microfarads  capacity  in  par- 
allel with  it.  The  l,0()0-ohm  drop  will  then  be  operated  by 
the  ring-ofit  current  either  from  a  series  or  a  bridging  instru- 
ment, because  the  condenser  offers  relatively  much  greater 
opposition  to  the  rather  low-frequency  ringing  current  than 
does  the  Hng-off  drop.  The  condenser  will  readily  allow  the 
voice  currents  to  pass  through  it.  One  telephone  may  be 
bridging  and  the  other  series,  or  both  bridging  or  both  series 
instruments. 

33.  This  method  works  satisfactorily  in  practice,  but 
Mr.  Lattig  and  Mr.  Goodrura  state  in  The  American  Tele- 
phone Journal  that  they  consider  the  following  method 
superior,  claiming  that  it  is  more  convenient  and  economical, 
and  has,  in  addition,  the  advantage  of  having  the  clearing- 
om  drop  bridged  across  the  circuit.  This  arrangement  is 
shown  in  Fig.  6,  in  which  e  (  and  h  i  are  non-inductive  resist- 


ances of  ."iOO  ohms  each,  one  being  connected  in  the  tip  con- 
ductor, and  the  other  in  the  sleeve  conductor.  The  clearing- 
out  drop  D  of  1,000  ohms  resistance  is  connected  from  the 
middle  of  one  resistance  to  the  middle  of  the  other.  A 
bridging  instrument  A,  even  if  connected  through  this  cord 
circuit  with  a  series-instrument  B.  can  readily  ring-off, 
because  there  will  be  at  least  .500  ohms  resistance  on  the 
side  of  the  cord  circuit  between  D  and  B.  and  hence  enough 
of  the  ring-off  current  will  always  be  forced  through  the 
clearing-oul  drop  to  operate  it.     It  is,  moreover,  immaterial 
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what  resistance  bell  is  used  in  the  telephone  B.  With  this 
arrangement,  either  telephone  can  readily  ring  off,  whether 
one  is  bridging  and  the  other  series,  or  whether  they  are 
both  bridging  or  both  series  instruments.  Cords  so  equipped 
do  not  seem  to  give  satisfactory  results  when  connecting 
together  two  toll  circuits,  but  no  harm  results  from  their  use 
between  local  and  toll  circuits. 

34.  The  Double- Wound  Drop. — A  somewhat  different 
arrangement  for  a  magneto-clearing-out  drop,  that,  A.  S. 
Siscom  says,  in  The  American  Telephone  Journal,  has 
proved  very  satisfactory,  is  shown  in  Fig,  7.  The  drop  has 
two  windings,  one  of  low  resistance,  220  ohms,  in  series 
with  the  cord  circuit,  which  makes  it  serve  as  a  series- 
drop,  and  another  of  high  resistance,  1,000  ohps,  bridged 
across  the  cord  circuit,  which  makes  it  serve  as  a  bridged 
drop.    The  2-microfarad  condenser  reduces  the  impedance 
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that  the  series-coil  would  otherwise  offer  to  the  voice 
currents.  The  winding  of  the  bridged  coil  should  be  high 
enough  in  resistance  not  to  cut  down  the  transmission 
between  two  toll  stations  or  to  impair  the  ringing  on  long 
lines  having  1,600-ohm  bells.  The  two  coils,  if  wound  in 
the  same  direction  around  the  iron  core  starting  from  the 
common  connection  e,  would  not  tend  to  neutralize  each 
other  for  currents  coming  from  a,  but  they  would  with  cur- 
rents coming  from  c,  but  not  usually  enough  to  seriously 
interfere  with  the  action  of  the  drop. 

35.     Clearfng-Out  Drop  and  Repeating^   Coll. — If  a 

bridging  drop'  is  connected  across  a  cord  circuit  in  which  a 
repeating  coil  is  used,  it  will  be  nearly  short-circuited  by  one 
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winding  of  the  repeating  coil.  The  best  connections  in  such 
a  case  is  shown  in  Fig.  8.  in  which  a  2-microfarad  condenser 
is  connected  in  the  middle  of  one  winding  of  the  repeating 
coil  and  a  500-ohm  iron-clad  clearing-out  drop  is  connected 
across  the  condenser  terminals.  To  a  ringing  current  of  20 
cycles  per  second,  a  2-microfarad  condenser  has  an  impe- 
dance of  ahout  4.000  ohms;   and  a  .500-ohm  iron-clad  drop 
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having  an  inductance  of  10  henrys  has  an  impedance  of 
about  1,330  ohms;  hence,  the  drop  will  get  about  three- 
fourths  of  the  total  ringing  current,  which  will  be  sufficient 
to  operate  it.  But  the  impedance  of  the  condenser  will  be 
very  much  less,  about  260  ohms,  to  the  voice  currents, 
which  have  an  average  frequency  of  at  least  300  periods  per 
second,  and  hence  such  currents  can  readily  flow  through 
Ihe  circuit.  ,^_^_^ 

COMHBBCIAL    FORMS    OF    SWITCHBOARD    DROPS 

36<  Mectaanlonl  Coiisldcrntlons. — From  the  state- 
ments given  concerning  the  requirements  of  a  drop,  it  will 
be  evident  that  only  the  best  possible  mechanical  conslruc- 
tioQ  can  be  used  with  success.  In  this  connection,  it  may 
be  said  that  the  experience  of  the  American  Bell  Telephone 
Company  has  proved  that  in  the  construction  of  switchboard 
drops,  as.  in  fact,  in  all  other  classes  of  telephone  apparatus, 
the  best  constniction  is  none  too  good.  Most  independent 
manufacturing  companies  have  learned  this  also,  and  are 
placing  apparatus  on  the  market  that  is  capable  of  giving 
thoroughly  satisfactory  results. 

In  order  to  reduce  the  effort  needed  on  the  part  of  the 
armature  in  releasing  the  shutter,  it  is  important  that  the 
catch  that  normally  holds  the  shutter  in  position  shall  support 
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the  shutter  in  a  position  where  it  has  but  a  slight  tendency 
to  fall.  This  may  be  illustrated  by  reference  to  Fig.  1,  in 
which  the  shutter,  when  in  its  raised  position,  is  very 
nearly  balanced  on  its  pivots,  so  that  it  exerts  but  a  very 
slight  tendency  to  fall,  and  therefore  exerts  but  a  small  pull 
on  the  catch  of  the  lever  L.  This  insures  a  minimum 
amount  of  friction  between  the  catch  and  the  shutter,  which, 
therefore,  reduces  the  pull  required  by  the  armature  A  to 
disengage  the  catch.  In  some  forms,  the  movement  of  the 
catch  in  disengaging  the  shutter  is  in  such  a  direction  as 
to  slightly  raise  the  shutter  against  its  weight  before  it  can 
release  it.  This  is  a  minor  objection  in  some  cases,  but 
nevertheless  one  that  should  be  avoided  in  designing  a  drop 
to  attain  a  maximum  degree  of  sensitiveness. 

37,  The  drop  shown  in  Fig.  1  is  typical  of  a  large  class  of 
switchboard  annunciators,  which  are  capable  of  giving  good 
results  when  properly  designed  with  respect  to  the  mechan- 
ical and  electrical  conditions  already  pointed  out.  One 
objection  to  this  drop  is  that  it  has  no  means  of  adjustment, 
and  therefore  no  means  of  adapting  it  to  long  or  short  lines, 
or  to  weak  or  strong  generators.  Another  objection  is  that 
the  coil  and  the  shutter  are  separately  mounted  on  the  panel 
of  the  switchboard.  This  panel  is  usually  of  wood,  and  there- 
fore  subject  to  changes  in  shape  due  to  the  absorption  of 
moisture  and  also  to  the  effects  of  heat  and  cold.  This 
results  in  the  alteration  of  the  adjustment  of  the  drop  and 
frequently  causes  it  to  become  inoperative.  A  good  switch- 
board drop  should  have  all  its  parts  rigidly  mounted  on  the 
same  framework,  and  this  framework  should  be  of  a  mate- 
rial not  affected  by  atmospheric  changes. 

It  is  about  as  satisfactory  and  cheaper  to  insulate  the  cores 
of  drops,  relays,  and  magnets  with  a  hard-rubber  tube,  or 
other  insulation  superior  to  paper,  rather  than  to  insulate 
the  metal  part  of  these  devices  from  the  supporting  frame- 
work, in  order  to  avoid  the  danger  of  throwing  together  the 
lines  or  circuits  connected  to  such  devices  that  may  become 
grounded  on  the  core  due  to  a  lightning  discharge. 
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shell  is  closed  at  its  forward,  and  open  at  its  rear,  end,  it 
being  formed  from  a  singfle  piece  of  soft-iron  rod  bored  out 
to  the  proper  depth.  This  method  of  constructing  it  is  much 
more  expensive  than  it  would  bfe  were  the  shell  formed  of  a 
soft-iron  tube  having  a  thin  cylindrical  head  driven  in  at  one 
end;  but  the  manufacturers  have  found  that  better  mechanical 
and  electrical  results  were  obtained  by  the  more  expensive 
method,  and  have  therefore  adhered  to  it.  This  point  is 
mentioned  as  illustrating  the  high-grade  construction  that 
is  used  in  the  best  types  of  telephone  apparatus.  The 
tubular  shell  D  is  held  against  the  front  plate  or  panel  A  of 
the  switchboard  by  means  of  a  screw  a  passing  through  the 
forward  end  of  the  shell  and  into  the  core  B^  the  screw  thus 
serving  not  only  to  hold  the  shell  against  the  front  plate, 
but  also  to  bind  the  core  in  its  proper  position  within  the  shell. 

On  the  rear  portion  of  the  shell  is  secured  a  bracket  E  of 
brass,  within  which  is  pivoted  the  soft-iron  armature  F  carry- 
ing the  forwardly  projecting  arm  /.  This  armature,  when 
attracted  by  the  magnet,  very  nearly  closes  the  tube,  and 
therefore  renders  more  complete  the  circuit  of  the  magnetic 
lines  set  up  by  currents  flowing  through  the  coil.  It  will  be 
seen  that  both  poles  of  this  magnet  are  presented  to  the 
armature,  one  pole  being  the  end  of  the  core  itself,  and  the 
other  the  end  of  the  shell  that  forms  the  outer  path  for 
the  lines  of  force.  On  the  front  of  the  plate  A  is  mounted  a 
plate  H^  on  which  is  pivoted  the  shutter  G.  A  catch  on  the 
forward  end  of  the  arm  /,  which  passes  through  a  notch  in 
the  plate  A,  serves  to  retain  the  shutter  in  its  raised  position. 
The  plate  A  is  of  iron  and  in  the  form  of  a  strip,  on  which  a 
desired  number  of  drops  are  mounted,  all  the  drops  in  one 
row  being  secured  to  the  switchboard  frame  by  means  of  the 
plate  A^  which  is  secured  thereto  at  each  end. 

The  terminals  k  and  k' ,  leading  from  the  coil  within  the 
shell,  pass  out  through  holes  b,  V  in  the  armature  and 
terminate  in  clips  /,  V  mounted  on  the  rear  portion  of  the 
bracket  E,  In  some  cases,  however,  the  extensions  on  the 
bracket  E  are  omitted,  the  terminals  being  formed  by  means 
of  stiff  brass  wires  of  about  No.  16  gauge  secured  rigidly 


l§  !2  MAGNETO-SWITCHBOARDS  27 

■  within  die  rear  head  h  of  the  coil  and  projecting  through 
r  small  slots  in  the  iron  armature  for  a  distance  of  about  i  inch 
beyond  the  rear  face  of  the  armature.  The  terminal  wires 
from  the  coil  are  soldered  directly  to  these  stiff  brass  wires, 
which  in  themselves  form  the  terminals  of  the  coil.  In  some 
cases,  a  night-alarm  attachment  is  placed  on  these  drops. 
The  wire  u-  mounted  on  the  insulating  blocks  n  forms  one 
terminal  of  the  night-alarm  circuit,  and  is  common  to  all  the 
drops  mounted  on  one  of  the  front  strips  A.  The  other 
terminal  of  the  night  alarm  is  formed  by  the  plate  H,  directly 
behind  \vhich  is  mounted  the  spring  p.  When  a  shutter 
falls,  a  downwardly  projecting  lug  o  carried  on  the  shutter 
presses  the  spring^  into  engagement  with  the  wire  u\  thus 
completing  the  night-alarm  circuit  in  the  same  manner  as 
described  in  connection  with  the  drop  shown  in  Fig.  J. 

39.  Complete  Magnetic  Circuit. — Many  valuable 
points  concerning  the  construction  of  drops  may  be  gained 
by  a  consideration  of  the  details  of  the  one  just  described. 
The  completeness  of  the  magnetic  circuit  through  the  iron 
of  the  core,  shell,  and  armature  insures  not  only  a  maximum 
pull  on  the  armature  by  the  magnet,  but  also  serves  to  confine 
all  the  magnetic  lines  set  up  in  the  coil  within  the  iron  itself, 
without  allowing  them  to  pass  into  the  surrounding  air  to 
any  appreciable  extent.  By  thus  destroying  the  external  field 
that  is  ordinarily  present  in  the  air  surrounding  an  electro- 
magnet, the  drop  is  rendered  entirely  free  from  any  inductive 
troubles.  So  completely  has  this  trouble  been  removed  that 
under  the  most  favorable  conditions  for  induction,  that  is, 
when   two   drops   are   in   actual   contact   side   by   side,  no 

I  cross-talk  or  magnetic  disturbance  of  any  kind  can  be  noticed 
I  between  them. 

40.  HlRta  Beir-lnductlon. — Moreover,  by  the  presence 
of  so  much  iron  properly  disposed  in  the  magnetic  circuit. 
the  drop  is  given  a  very  high  inductance.  While  the  actual 
resistance  of  the  drop  to  steady  currents  is,  as  has  been  said, 
about  500  ohms,  its  inductance  or  impedance  to  rapidly 
altematiog  currents  is  several  thousand  ohms;  and  as  a  result, 
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when  such  a  drop  is  placed  in  a  bridged  circuit  between  the 
two  sides  of  a  telephone  circuit,  there  is  no  appreciable  loss 
of  efficiency  in  the  telephone  transmission  due  to  the  leakaee 
through  the  drop. 

41.  Mechanical  Advantagres. — The  adjustment  of 
this  drop  cannot  be  aSected  by  any  atmospheric  changes, 
because  all  the  parts  are  rigidly  mounted  together,  all  the 
material  connecting  them  being  formed  of  iron  or  brass. 

The  lever  /  is  attached  to  the  armature  ^slightly  below 
the  pivotal  points,  m  order  that  when  the  armature  is  moved 
toward  the  core  the  catch  on  the  forward  end  of  the  rod  / 
will  be  given  a  slight  forward  motion,  at  the  same  time  that 
it  is  lifted,  in  such  manner  as  to  assist  in  disengaging  itself 
from  the  shutter.  The  shutter  itself,  when  raised,  is  in  a 
position  to  exert  but  slight  pressure  on  the  catch  on  the  rod  /, 
and  thus  exerts  a  minimum  amount  of  friction  against  the 
catch.  All  these  points  serve  to  make  this  one  of  the  most 
efficient  drops  that  has  so  far  been  devised. 

42.  American  Electric  Telephone  Company*s 
Tubular  Drop. — Pig.  10  shows  the  tubular  drop  of  the 
American  Electric  Telephone  Company,  in  which  the  coil  is 


enclosed  in  a  tubular  shield  D,  as,  before.  This  tube,  how- 
ever, is  not  made  of  one  piece,  its  rear  plate  d  being  a  sepa- 
rate piece  screwed  into  position.  The  armature  F  carries  a 
forwardly  projecting  arm  /,  and  is  pivoted  at  the  points  e 
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]  a  bracKet  E  secured  to  the  lower  portion  of  the  tubular 

I  shield.     The  forward  end  of  this  bracket  is  secured  to  the 

I  rear  face  of  an  iron  strip  forming  the  front  of  the  board. 

[  The  shutter  is  maintained  in  its  raised  position  by  means  of 

a  catch  on  the  end  oi  the  arm  /,  in  an  obvious  manner.     In 

this  drop,  the  shutter  is  held  by  the  catch  in  a  position  for 

maximum  efficiency,  as  in  the  Warner  drop;  but  there  is  a 

slight  disadvantaEC,  due  to  the  fact  that  in  the  attraction  of 

the  armature  toward  the  magnet,  the  catch  is  pulled  slightly 

to   the  rear  before  it  lets   go  of  the  shutter,   and  is  thus 

obliged  to  pull  against  the  shutter  before  it  can  be  released. 

43.  Of  the  large  number  of  styles  of  switchboard  drops, 
the  tubular  drop  is  undoubtedly  the  best,  for  it  presents  an 
almost  perfect  magnetic  circuit,  occupies  but  little  space,  and 
can  be  easily  handled  without  danger  of  injuring  the  winding. 
The  tube  is  of  iron  or,  what  is  just  as  good,  mild  steel,  the 
same  material  as  is  used  for  screws.  It  is  generally  bored 
out,  but  some  firms  are  using  drawn  shells  with  great  suc- 
cess. These  latter  make  a  first-class  tube  and  are  quite 
cheap,  especially  for  the  larger  sizes.  Where  automatic 
boring  machines  are  used  and  the  size  of  the  bore  does  not 
exceed  \  inch,  it  has  generally  been  found  cheaper  to  bore 
the  shells  than  to  draw  them  These  shells,  in  either  case, 
must  be  thoroughly  annealed,  and  should  have  as  great  a 
diameter  as  is  consistent  with  a  reasonable  sized  switch- 
board, in  order  that  a  maximum  si^ed  magnet  coil  may  be 
inserted.  In  general  usage,  the  outside  diameter  of  the  tubes 
varies  from  i  inch  to  1  inch,  with  a  wall  A  inch  or  a'j  inch 
The  length  generally  approximates  three  times  the  diameter. 
The  pivot  screws  are  pointed  and  project  into  holes  in  the 
edge  of  the  armature.  These  holes  should  be  placed  a  little 
in  front  of  the  center  line  of  the  armature,  that  is,  on  the  side 
toward  the  core,  so  that  the  armature  will  have  a  greater 
tendencf  to  balance  the  hook  rod. 

44,  Drops  for  Party  t.Ines. — For  party  lines  it  is  often 
necessary  for  the  drop  to  make  a  considerable  noise  when 
actuated,  in  order  that  the  operator  may  determine,  by  its 
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sound,  whether  the  call  is  for  her  or  for  some  other  party 
on  the  same  line,  This  is  true  in  all  cases  where  a  code  of 
signals  is  nsed  to  designate  Ihe  particular  station  being  called. 

This  proves  very  satisfaclory  when  the  switchboard  ope- 
rator is  always  in  attendance,  but  in  the  country,  where  some 
member  of  a  farmer's  family  or  a  storekeeper  attends  to  the 
switchboard,  it  is  often  desirable  to  terminate  these  lines  in  a 
signal  that  will  not  only  visually  indicate  the  line,  but  will 
give  a  distinct  audible  signal,  loud  enough  to  be  heard 
throughout  the  room.  Sometimes  a  magneto-bell  is  placed 
in  multiple  with  the  drop  at  the  switchboard,  in  order  that  the 
operator  may  receive  the  signal  by  ear  as  well  as  by  sight; 
but  as  such  a  bell  always  reduces  the  efEctency  of  t]ie  drop 
to  some  extent,  it  is  not  advisible  to  do  this,  especially  in  the 
case  of  a  long,  heavily  loaded  line.  By  giving  the  armature 
of  the  drop  a  rather  wide  play,  it  usually  makes  a  sufBcient 
noise  for  the  operator  to  distinguish  between  calls  for  some 
other  party  on  the  line  and  those  for  the  switchboard. 

45.  Combined  Audible  and  Vtsilkle  Slgmal. — Com- 
bined audible  and  visible  indicating  devices  are  made  for 
this  purpose  by  many  companies,  differing  more  or  U 


construction.  The  combined  ringer,  drop,  and  jack  shown 
in  Fig.  11  is  made  for'~this  service  by  the  Kellogg  Switch- 
board  and   Supply   Company.     It   consists   of    a   standard 


A 


812 


MAGNETO-SWITCHBOARDS 


31 


■ 

P 


Kellogg  long  core  ringer  with  two  gongs  and  a  latch  drop 
indicator.  The  first  movement  of  the  betl  hammer  in  either 
direction  causes  the  catch  b  on  the  end  of  the  bell  hammer 
to  release  the  shutter  a,  which  then  falls  by  gravity.  If  the 
operator  hears  the  signal,  she  will  know  by  the  combination 
ring  given  whether  her  assistance  to  make  a  connection  is 
required,  and  if  so,  the  fallen  shutter  will  indicate  the  line 
over  which  the  call  came.  This  drop  is  provided  with  night- 
alarm  contacts,  which  can  be  wired  to  the  regular  night-bell 
circuit  if  desired.  The  jack  mounted  in  connection  with  each 
ringer  is  of  the  same  construction  as  that  used  in  the  Kellogg 
combined  drop  and  jack,  but  is  not  provided  with  the  self- 
restoring  feature.  The  local  contact  spring  in  the  jack  is 
opened  when  a  plug  is  inserted,  thus  cutting  the  ringer  coils 
out  of  the  line  circuit. 

JACKS 

46.  Economy  of  Space. — 'n  the  design  of  spring 
Jacks,  especially  for  use  in  large  switchboards,  the  economy 
of  space  is  an  important  consideration.  This  will  be  made 
more  apparent  when 
the  subject  of  mul- 
tiple boards  is  con- 
sidered, for  in  those 
boards  each  operator 
must  have  within 
her  teach  a  jack  for 
every  line  in  the  exchange.  For  small  boards,  however,  the 
question  of  space  is  not  so  important,  as  the  number  of  jacks 
within  the  reach  of  the  operator  need  not  be  so  great. 

47.  Two-Conductor  Jiick. — In  Fig.  12  is  shown  a  form 
of  two-conductor  jack  similar  to  that  shown  in  Fig.  3.  The  tip 
spring  /,  however,  is  held  in  place  by  the  same  screw  s  that 
forms  the  terminal  of  the  line  wire  that  connects  with  the 
frame  of  the  jack.  This  screw  passes  through  an  insulated 
bushing,  through  the  spring  /.  and  into  the  metallic  portion 
of  the  jack.    The  jack  is  held  in  place  against  the  rear  face  of 
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the  board  B  by  means  of  a  threaded  bushingf  C,  which  passes 
through  the  board  from  the  front,  and  engages  a  correspond- 
ing screw  thread  on  the  main  portion  of  the  jack.  A  slot  is 
provided  in  the  front  of  the  bushing  C,  in  order  that  the  jack 
may  be  readily  removed  from  the  panel  with  a  screwdriver. 

48.  The  Double-Spring:  Contact. — It  has  been  found 
unsatisfactory  to  rely  on  the  contact  between  the  sleeve  of 
a  plug  and  a  tubular  bushing,  such  as  is  shown  in  Figs.  3 
and  12.  In  both  of  these  figures,  the  connection  with  the 
tip  of  the  plug,  which  is  made  in  each  case  by  means  of  the 
spring  /,  is  reliable;  but  the  contact  between  the  sleeve  of 
the  plug  and  the  inner  surface  of  the  bushing  is  likely  to 
become  loose  and  the  surfaces  dirty,  so  that  a  poor  connec- 
tion results.  In  Fig.  13  is  shown  a  spring  jack  where  both 
the  tip  and  sleeve  connections  are  made  by  means  of  springs. 
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In  this,  the  framework  F  is  secured  in  position  on  the 
panel  board  by  means  of  a  screw-threaded  sleeve  /,  as  in 
Fig.  12.  The  tip  and  sleeve  springs  /  and  5,  respectively, 
are  mounted  on  the  rear  portion  of  the  frame  by  means  of 
two  screws  passing  through  the  springs  and  the  layers  of 
insulation  between  them  and  into  the  metallic  frame.  These 
screws  are,  of  course,  insulated  from  the  springs  by  means 
of  hard-rubber  bushings  through  which  they  pass.  The.  rear 
portions  of  the  springs  have  projecting  tongues  /,  /'  to 
which  the  line  connections  may  be  soldered;  a  similar 
tongue  d  also  projects  from  the  frame  /%  thus  forming  a 
terminal  for  it.  The  tip  spring  /  normally  rests  on  a 
projection  on  the  frame  F,  in  order  to  complete  the  connec- 
tion through  the  drop,  but  the  insertion  of  the  plug  lifts  / 
and  causes  this  connection  to  be  broken.  One  line  wire  is 
connected  to  f,  the  other  to  s',  and  the  annimciator  between 
the  terminal  d  of  the  frame  F  and  y. 
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49.  Materials  ami  Constriiotlon  of  Jacks. — Accord- 
ing to  W.  A.  Taylor,  in  the  Electrical  Review,  springs  (or 
jacks  should  be  of  the  best  spring  metal,  preferably  German 
silver,  punched  or  cut  from  the  sheet  with  the  grain  running 
lengthwise.  Spring  German  silver  containing  18  per  cent. 
nidcel  is  generally  used,  the  length  of  the  spring  being  suffi- 
cient so  that  it  may  move  twice  as  far  as  necessary  without 
receiving  a  permanent  set.  The  springs  should  be  formed 
as  nearly  as  possible  to  the  desired  shape  in  the  forming 
press  so  as  to  require  little  or  no  adjustment  by  the  assem- 
bler, as  the  lalier  is  apt  to  bend  it  so  much  as  to  render  It 
almost  useless.  Where  it  is  necessary  to  use  a  sbort  spring, 
the  gauge  should  be  thin  to  permit  greater  movement  with- 
ont  s  permanent  set.     To  obtain  sufficient  tension,  the  spring 

Ina;  be  made  wider.  The  tension  of  the  springs  is  sufficient 
jE  the  plugs  are  held  tight  enough  not  to  be  readily  discon- 
^ct«d  during  the  ordinary  operation  of  the  switchboard. 
Excessive  tension  causes  an  unnecessarily  rapid  wear  of  the 
l^ugs  and  springs. 
On  magneto-switchboards,  contacts  between  jack  springs 
may  be  made  by  bending  down  the  end  of  one  spring,  as 
shown  in  Fig.  14  (a);  or  the  spring  may  be  struck  with  a 
punch,  which  makes  the  metal  protrude  on  the  aide  where 
to  make   contact   >  —   -^ 

^ — ^ 
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But  where  a  battery  is  used  to  operate  a  drop  or  relay, 
the  current  usually  flows  until  the  circuit  is  opened  by  the 
insertion  of  a  plug:  in  the  jack,  thus  causing:  an  arc,  which 
tends  to  oxidize  the  contacts.  To  maintain  continuous  ser- 
vice, the  material  that  will  best  resist  oxidization  must  be 
used.  For  this  purpose,  pure  platinum  has  proved  to  be 
the  best  and  cheapest,  all  things  considered.  What  is  true 
of  contacts  that  carry  current  from  a  battery  is  also  true  for 
contacts  that  carry  voice  currents.  Hence,  all  contacts  in 
jacks  or  elsewhere  that  carry  battery  or  voice  currents 
should  be  made  of  platinum  rivets  in  German-silver  springs. 

For  the  insulating  material  in  multiple  jacks,  hard  rubber 
alone  should  be  used,  as  high  insulation  is  necessary  to 
avoid  trouble.  Fiber,  which  is  inclined  to  gather  moisture, 
is  bad  in  central-energy  systems,  and  the  black  variety,  if 
colored  with  lamp  black,  should  never  be  used. 


PLUGS 

50.  PluflTs  for  use  on  switchboards  have  been  reduced 
to  a  standard,  so  that  with  good  construction  all  plugs  are 
about  the  same,  varying  only  in  details.  There  are  three 
kinds:     (1)  the  single-contact  plug,  (2)  the  (Rouble-contact 
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plug,  and  (3)  the  triple-contact  plug.  The  first  style  is  sel- 
dom, if  ever,  used  in  modern  switchboards  and  will  not  be 
described  here,  as  metallic  circuits  are  used  in  all  modem 
boards.  Single-contact  plugs  were  used  on  the  old  ground- 
return  boards. 

51.  Double-Contact  Plupr. — A  double-contact  plug  is 
shown  in  section  in  Fig.  lo.  The  tip  conductor  /  is  formed 
of  a  brass  rod  having  an  enlarjiement  at  its  forward  end. 
All  except  the  enlarged  portion  of  this  rod  is  encased  in  a 
hard-rubber  bushing  b^  and  over  this  is  slipped  a  tube  .S  of 
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VtAss,  forming  the  sleeve  conductor.  The  rear  portion  of 
latter  sleeve  is  covered  by  a,  second  hard-rubber 
nishing  (•',  and  over  this  is  slipped  a  heavy  bushing  b", 
ivhtch  forms  (he  handle  of  the  plug.  Carried  on  the  rear 
tortion  of  the  tip  conductor  Ms  a  conductor  c,  adaiited  to 
1  the  terminal  of  one  of  the  cord  conductors-  A  similar 
»nnector  r'  is  carried  on  the  rearward  extension  of  the  sleeve 
inductor  5'  and  forms  the  terminal  of  the  other  conductor 
^f  the  cord.  These  cord  terminals  c.f'  are  shown  attached 
)  the  cord  conductors  in  Fig.  18.  The  bushing  l>"  forming 
i  the  handle  is  not  put  in  place  until  after  the  cord  is  attached 
to  the  terminals  c,  c',  after  which  it  is  slid  over  the  plug 
and  the  cord,  and  is  secured  by  the  screw  s  engaging  a 
^pped   hole    in    the   lip   conductor  /,     This   screw   passes 


hroiigh,  but  is  insulated  from,  the  sleeve  5'.  The  groove^ 
1  the  rear  portion  of  the  sleeve  conductor  is  for  the  purpose 
"of  binding  the  flexible  cord  iu  place  by  means  of  a  strong 
linen  thread  lying  within  the  groove  and  wrapped  tightly 
around  the  cord.  By  this  means,  the  strain  due  to  the  weight 
of  the  cord  and  pulley  is  not  exerted  at  the  junction  of  the 
conductors  and  the  connectors  f.f*.  but  is  carried  rather  by 
the  covering  of  the  cord,  owing  to  its  being  rigidly  bound 
>  the  rear  portion  of  the  sleeve. 

I  52>  The  Cintisen  sM^ttchboard  pliiK,  shown  in  Pig.  16, 
las  a  shell  a  of  insulating  material  that  is  held  in  place  by  a 
fpring  catch  A  that  slips  into  a  small  opening  ia  the  side 
I  the  shell,  In  this  way,  the  shell  can  be  removed  without 
be  use  of  a  screwdriver,  which  is  usually  required  to  remove 
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a  screw  fastening  in  most  plugs.  In  removing  the  shell,  all 
that  is  necessary  is  to  simply  press  the  spring  catch  b 
inwards,  so  as  to  disengage  it  from  the  opening  in  the  shell, 
which  can  then  be  withdrawn.  All  .insulating  material  in  the 
plug  is  hard  rubber.  The  interior  of  the  plug  is  screw- 
threaded  at  the  cord  end  to  more  securely  hold  the  cord  in 
place,  and  in  addition,  means  are  provided  by  which  it  is 
possible  to  tie  the  cord  to  the  plug. 

53.  Triple  Contact  Plug. — A  triple  contact  plug  is 
shown  in  Fig.  17.  In  this  style  there  are  three  conductors, 
known  as  tip  /,  sleeve  s,  and  ring  r.  The  tip  t  is  screwed  on 
to  a  steel  pin  that  runs  back  through  the  hard-rubber  insu- 
lating sleeve  to  the  connecting  block  to  which  the  connect- 
ing screw  is  fastened,  and  in  order  that  the  cord  conductor 
may  not  touch  the  connecting  block  /,  an  insulating  washer^, 
is  placed  under  the  screw  and  washer  h.  The  insulating 
washer  is  made  large  enough  so  that  there  will  be  no  stray 
strands  to  short-circuit  the  plug.  The  sleeve  s  is  made  from 
brass  tubing  and  passes  through  the  insulating  tube  k  to  its 
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connecting  block  /,  within  which  it  is  screwed;  the  connec- 
tion is  made  to  the  sleeve  under  the  screw  and  washer  /. 
The  sleeve  connection  is  made  by  bending  back  one  of  the 
conductors,  when  the  cord  is  screwed  into  the  shank  of  the 
plug.  The  strand  is  thus  pinched  tightly  against  the  threads, 
making  a  good  connection.  The  steel  pin  in  the  center, 
connecting  the  tip,  should  be  soldered  into  the  connecting 
block.  Then,  after  the  tip  is  screwed  on,  this  end  of  the  pin 
should  be  upset  to  prevent  the  tip  from  becoming  unscrewed. 
If  this  precaution  is  not  taken,  the  tip  will  come  off  and  get 
lost  in  a  jack  and  cause  trouble. 

54.     Plugs  should  be  made  of  brass,  as  hard  as  can  be 
conveniently   worked,  the   best  grade   of  hard  rubber  for 
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insulation,  and  red  fiber  for  the  handle.  Some  plugs  are 
made  with  steel  tips  and  give  good  satisfaction  where  they 
are  used  enough  to  keep  them  brieht.  but  it  is  rather  better 
lo  use  a  metal  that  will  not  cut  the  springs  in  the  jack,  for 
it  is  preferable  to  have  the  plug  wear  out  before  the  jack. 
The  cutting  of  jack  springs  by  the  plug  tip  produces  a  fine 
meiai  dust  that  is  apt  to  cause  insulation  troubles. 

All  plugs  should  be  so  made  that  when  new  they  are  of 
uniform  length  and  diameter,  They  should  go  into  the 
jack  easily  and  not  lifrhi,  but  should  not  have  any  tendency 
to  wiggle.  The  hole  in  the  shank  should  be  of  such  size 
that  a  standard  cord  screws  tightly  into  it.  The  threads 
should  not  have  sharp  edges  or  the  braid  and  the  conductor 
that  is  bent  back  will  be  cut.  Great  care  must  be  exercised 
to  have  alt  tools  for  manufacturing  the  plug  made  accurately, 
and  so  placed  in  the  screw  machine  that  all  parts  will  be 
absolutely  interchangeable. 

55.  Cord  Connectors  In  PIuR. — The  manner  of  making 
the  connection  between  the  cord  and  plug  is  well  shown  in 
Figs.  IS  and  19.  in  which  C  is  the  cord,  having  two  insula- 
ted conductors  /',  /.  These  conduclors  are  bared  at  their 
terminals  and  clamped  „_5'... 

between  the  small  1u]j;s  f 
projecting  from  the 
coDDeciors  cc",  after 
which  they  are  securely  soldered.  The  connectors  e,^  are 
then  screwed  into  place,  after  which  the  cord  is  securely 
bound  lo  the  sleeve  tube  by  means  of  the  linen  thread  /, 
which  is  wrapped  in  the  groove,  as  shown.     Before  slipping 
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It  is  not  difficult  to  see  that  unless  a  plus:  is  constructed 
with  the  greatest  care,  it  will  be  a  source  of  endless  trouble, 
for-  the  various  parts  are  necessarily  placed  so  very  close 
together  that  any  loose  ends  or  poorly  constructed  joints 
are  almost  sure  to  form  short  circuits  or  open  circuits. 
Especially  is  this  true  in  the  case  of  some  plugs  in  use  with 
more -complicated  systems,  in  which  three  conductors  are 
used  within  the  flexible  cord,  thus  necessitating  three  con- 
tacts on  the  plug,  all  of  which  must,  of  course,  be  insulated 
from  each  other. 

FLEXIBLJC    CORDS 

56.  The  flexible  conductors,  by  which  the  temporary 
connections  between  the  terminals  or  spring  jacks  of  sub- 
scribers* lines  are  made,  are  usually  termed  cords,  and  as  in 
all  other  branches  of  telephony,  their  construction,  in  order 
to  give  satisfactory  service,  demands  the  most  careful  atten- 
tion to  the  minutest  detail.  The  point  just  back  of  the  handle 
of  the  plug  is  subject  to  the  greatest  amount  of  wear,  because 
it  is  most  frequently  handled  by  the  operator,  and  a  sharp 
bend  always  occurs,  due  to  the  side  strain  on  the  cord,  when 
a  plug  is  inserted  in  a  jack. 

57.  The  type  of  cord  shown  in  Fig.  20  has  been  found 
to  be  very  satisfactory,  and  is  available  to  the  independent 
and  also  to  the  Bell  companies.  In  this,  the  tip  and  sleeve 
conductors  /,  s  are  each  composed  of  twisted  strands  of 
tinsel,  with  which  a  few  strands  of  fine  copper  wire  are  inter- 
mingled for  the  purpose  of  giving  greater  strength.     It  has 
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been  found  that  a  twisted  tinsel  conductor  is  better  than  a 
braided  one,  on  account  of  being  more  flexible.  Around 
each  conductor  is  wrapped  a  layer  of  floss  silk  a.  It  has 
been  found  preferable  to  make  the  first  layer  of  insulating 
material  a  wrapping  instead  of  a  braid,  because  the  former 
tends  to  bind  the  strands  of  the  conducting  cord  more  closely 
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together,  thus  reducing  the  liability  of  the  ends  breaking  off 
idJ  projectiDg  through  the  insulating  layers  to  form  short 
gjrcuits.  Over  the  layer  of  silk  is  a  braiding  c  of  cotton 
atber  loosely  laid  on.  After  being  thus  insulated,  the  two 
londactors  are  laid  logether  and  served  with  a  wrapping  of 
[bread  d,  which  binds  them  into  a  single  cord.  A  spiral 
ibield  of  spring  brass  wire  e  is  then  slipped  over  the- two 

lltonductors,  after  which  a  layer  of  polished  cotton  is  braided 
ghily  over  the  whole.  The  spring  brass  shieU  serves  as 
k  mechanical  protection  for  the  cords  without  impairing  their 
Lexibility.  Its  most  important  function  is  to  prevent  sharp 
jcinks  in  the  cord,  which  have  been  found  to  be  very  destruc- 

Jive  to  the  conductors  within.  In  order  that  the  end  of  the 
x>rd  Ihat  receives  the  most  handling  and  is  the  most  liable 


I  be  sharply  kinked  may,  receive  an  additional  stiffening, 
jhe  outside  layer  of  cotton  is  made  double  for  a  distance  of 
hbout  1  foot  back  of  the  heel  of  the  plug. 

It  is  important  in  cords  of  this  kind  that  the  spiral  brass- 

(rire  shield  should  be  thoroughly  anchored  at  each  end,  and 

B  accomplished  by  wrapping  it  at  each  end  with  strong 

iread,  so  that  it  cannot  slide  along  the  conductors.     As  an 

addition  to  this  anchoring,  the  outer  braiding  of  the  cord 

"should  be  made  very  tight  at  each  end, 

58.  Kpllofrgr  Cord  nud  PIiik> — The  Kellogg  cord  is 
shown  in  Fig.  21.  The  center  n  is  a  strand  of  twine;  *,  a  linen 
waiding  mixed  with  three  tinsel  strands;  c.  the  inner  con- 
Eflnctor  of  spiral  steel  wire;  rf.  a  braiding  of  silk;  e,  a  linen 
praiding;  /,  a  loose  tinsel  braiding;  g,  the  outer  conductor  of 


40 


MAGN  ETO-S  WITCHBOARDS 


§1S 
Tfae 


spiral  steel  wire;  h,  a  cotton  braid;  and  i,  a  linen  braid, 
cord  is  reenforced  at  the  plug  end  for  a  length  of  14  inches 
b;  another  braidine  of  linen.  The  tinsel  is  used  to  cut  down 
and  equalize  the  resistance  of  the  main  steel  conductors. 
At  j  is  shown  the  way  in  which  the  tip  conductor  is  finished 
off  at  the  plug  end. 

This  tip  y  is  fastened  to  the  tip  conductor  of  the  pine, 
shown  in  Fig.  22,  by  means  of  the  screw  /.     The  sleeve 


conductor  of  the  cord  is  bent  back  over  the  linen  braid  and 
held  firmly  in  contact  with  the  sleeve  conductor  of  the  cord, 
which  has  an  internal  thread  at  m,  by  the  expanding  pressure 
of  the  braiding,  the  plug  being 
screwed  over  the  cord  and  this 
contact  made  before  the  tip  con- 
ductor is  fastened  in  place. 


CORD    FASTENINGS 

5f>.  The  tail-end  of  the 
Kellogg  cord  is  finished  and 
fastened  to  the  cord  rack  in  the 
rear  of  the  switchboard  as  shown 
in  Pig.  23.  At  a  is  shown  tfae 
end  of  one  conductor  before  the 
terminal  piece  b  is  squeezed  on. 
The  strain  is  put  on  the  braid- 
ing, rather  than  on  the  conductors,  by  means  of  a  loop  that 
slips  over  a  hook  at  d,  which  is  curled  so  that  the  cord  can- 
not bounce  off.  The  conductors  are  brought  out  separately 
from  the  point  where  the  loop  is  secured,  the  sleeve  con- 
ductor having  in  its  braiding  a  blue  thread  to  distinguish  it 
from  the  tip  conductor. 
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^H  60.  Split  Busbl UK' — A  good  method  of  fastening  the 
^Ktationary  ends  of  switchboard  cords  is  shown  in  F\s-  24. 
'  The  cord  is  clamped  by  means  of  a  split  bushing,  shown  in 
detail  at  the  left  of  this  figure.  This  bushing  is  composed 
of  two  pieces  of  wood  or  fiber,  which,  when  laid  together, 
form  a  conical  plug  adapted  to  fit  loosely  in  a  hole  hored  in 
the  rack  on  which  the  cords  terminate.  The  cord  to  be 
_sec«red  is  placed  between  the  halves  of  the  bushing,  which 
:n  pushed  into  the  hole  in  the  rack,  and  thus  serves  to 


clamp  the  cord  tightly  without  in  any  way  deranging  its  inter- 
nal structure.  This  clamp  has  proved  very  convenient  in  prac- 
tice, as  by  it  a  cord  may  be  clamped  in  any  position  desired 
or  entirely  removed,  almost  instantly.  The  clamp  does  not 
injure  the  cord,  which  is  not  the  case  with  many  other  forms 
of  attachments.  Another  way  to  attach  a  cord  to  the  switch- 
board is  to  leave  a  portion  of  its  external  braiding  projecting 
beyond  the  end  of  the  cord,  and  to  tie  the  cord  in  position 
by  this  means.  This  has  the  disadvantage  that  it  clamps 
only  the  end  of  the  cord,  and  if  for  any  reason  it  becomes 
necessary  to  secure  the  cord  at  an  intermediate  position, 
some  other  means  must  be  used. 
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61.  Connections  on  Terminal  Back. — ^The  connect- 
ors to  which  the  stationary  terminals  of  the  cords  are  secured 
should  be  fastened  rigidly  to  the  cord  rack  and  should  pre- 
sent suitable  means  for  attaching  the  cord  conductors  with- 
out injuring  them,  and  also  for  attaching  the  wires  with 
which  the  cord  conductors  are  to  be  connected.  It  is  not  an 
easy  matter  to  solder  tinsel  without  burning  it,  and  therefore 
some  manufacturers  prefer  to  clamp  the  cord  terminal 
between  the  connector  and  a  washer  by  means  of  a  screw 
passing  through  the  two,  this  method  being  shown  in  Fig.  24. 
Frequently,  the  wire  with  which  the  cord  conductor  is  to  con- 
nect terminates  on  the  opposite  side  of  the  connecting  rack 
from  the  cord,  and  in  this  case  such  a  connector  as  is  shown 
in  Fig.  25  {a)  is  much  used.  In  this  connector,  the  strip  a, 
formed  integral  with  the  washer  portion  d,  is  bent  at  right 
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angles  to  the  body  of  the  connector  and  projects  through  a 
small  hole  in  the  board  of  the  terminal  rack  so  as  to  form  a 
suitable  terminal  to  which  the  wire  on  that  side  of  the  board 
may  be  soldered.  The  upwardly  projecting  tongue  c  may  or 
may  not  be  present,  according  to  whether  other  connections 
are  to  be  made  at  this  point.  The  connectors  shown  in 
Fig.  25  id)  and  (c)  are  for  use  where  the  wire  or  wires 
terminate  on  the  same  side  of  the  rack  as  the  cord  con- 
ductor. When  it  is  desired  to  solder  the  cord  conductor  into 
place,  wire  terminals  are  preferably  placed  on  the  ends  of 
the  conductors.  Such  a  terminal  may  be*  readily  made  by 
inserting  a  piece  of  No.  22  B.  &  S.  tinned  copper  wire, 
about  6  inches  long,  clear  through  the  cord  conductor  just 
back  of  the  end  of  the  braid,  as  is  shown  in  the  left-hand 
portion  of  Fig.  26.     The  two  ends  of  this  wire  are  then 
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twisted  closely  around  the  end  of  the  cord,  making:  a  firm 
metallic  connection  with  the  tinsel  by  binding  them  closely 
within  the  convolutions  of  the  wire.  The  completed  termi- 
nal may  be  made  in  a  minute,  with  no  other  tools  than  the 
fingers  and  a  pair  of  pliers,  and  is  shown  when  finished  in 
the  right-hand  portion  of  Fig.  26. 
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62.  Connectors. — The  connectors  shown  in  Fig.  25 
are  preferably  stamped  from  sheet  German  silver  or  from 
soft  sheet  copper.  They  should  be  polished,  usually  by 
tumbling,  and  be  entirely  free  from  oil,  which  would  inter- 
fere with  the  use  of  solder.  Where  copper  is  used,  the  tips 
of  the  connectors  should  be  tinned  by  being  dipped  in  acid 
and  then  in  molten  tin.  In  order  to  prevent  the  acid  from 
corroding  the  surface  of  the  metal  after  a  time,  they  should 
be  dipped,  after  being  tinned,  in  alcohol,  which  has  been 
found  to  almost  entirely  prevent  future  corrosion 
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BEIiF-BESTORING  SWITCHBOARD  DROPS 

!•  In  the  switchboard  drops  described  in  Magneto-Switch' 
ooardSy  Part  1,  it  was  necessary  for  the  operator  to  manually 
restore  the  shutters,  in  order  to  make  them  ready  for  another 
call.  This,  in  an  exchange  where  the  operator  is  kept  very 
busy,  is  a  disadvantage,  inasmuch  as  it  increases  the  number 
of  motions  she  is  required  to  make  in  establishing  connec- 
tions between  subscribers.  One  object  to  be  kept  in  view 
in  the  design  of  switchboards  for  modern  exchanges  is  to 
reduce  the  number  of  motions  necessary  on  the  part  of  the 
operator  to  a  minimum,  and  one  of  the  most  important  steps 
in  this  direction  was  the  introduction  of  the  so-called  self- 
restoring  drop.  The  shutter  of  this  drop  is  restored  to 
its  normal  position  automatically  as  a  secondary  result  of 
some  other  necessary  operation,  such,  for  instance,  as  the 
insertion  of  a  plug  into  a  jack. 

The  restoring  motion  may  be  imparted  to  a  shutter  in  two 
general  ways:  one,  by  the  action  of  an  electromagnet,  the 
circuit  of  which  is  closed  by  some  necessary  motion  of  the 
operator,  such  as  the  insertion  of  a  plug  into  a  jack;  and 
the  other,  by  mechanical  means,  the  plug  itself  serving  to 
push  the  shutter  into  it5  restored  position,  either  by  direct 
contact  or  through  the  intervention  of  some  connecting 
mechanical  link.* 
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ELECT  RICALLT    RESTORING    DROPS 

2.  Western  Electric  Drop.— In  Fig.  1  is  shown  the 
details  of  an  extensively  used  eiectrically  restoring  drop. 
This  is  really  composed  of  two  tubular  magnets  a  and  d, 
each  of  which  is  secured  to  a  plate  h.  The  rear  electro- 
magnet a  is,  in  reality,  a  slightly  modified  Warner  tubular 
drop,  having  its  armature  C  pivoted  at  ^  in  a  bracket  carried 
on  the  rear  portion  of  the  tubular  shell.  The  second  tubular 
magnet  d  has  its  poles  projecting  toward  the  front  of  the 
board,  and  is  provided  with  a  heavy  armature  e  pivoted  at 
its  lower  edge  by  the  pivot  screws  ^  and  <f\  which  are  held 
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in  a  lower  bracket  h  secured  to  the  front  end  of  the  tubular 
magnet  d.  The  rod  r"'  secured  to  the  armature  C  is  long 
enough  to  reach  and  engage  the  lug  e"'  on  the  upper  side  of 
the  front  armature  e.  Pivoted  on  the  bracket  /,  attached  to 
the  upper  side  of  the  magnet  d,  is  a  light  aluminum  shutter^ 
hanging  directly  in  front  of  the  armature  e.  When  released 
by  the  action  of  the  armature  C  of  the  electromagnet  a,  the 
front  armature  e  falls  forwards  by  its  own  weight,  pushing 
the  light  shutter^  out  of  its  path.  This  raises  the  shutter f^, 
so  as  to  display  any  number  or  signal  behind  it,  and  on  the 
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face  of  the  armature  c,  to  tlie  operator.  The  connections  are 
so  made  with  the  winding  of  the  magnet  </  that  when  an 
lerator  inserts  a  plug  into  the  jack  of  the  corresponding 
line,  the  circuit  through  the  magnet  1/  will  he  made  com- 
ilete;  and  as  the  circuit  includes  a  battery,  the  magnet  will 
energized  and  the  armature  e  reatlracted,  thus  allowing 
the  shutter  ^  to  resume  its  normal  position. 


3.  OiKiratlon  of  Western  Electric  Drop. — In  order 
lo  render  the  operation  of  this  drop  more  clear,  the  circuits 
leading  to  both  the  line  magnet  a  and  the  restoring  magnet  J 


E 


figure.  /  represents  the  line 


shown  in  Fig,  2.  In  th 
ires  leading  to  a  sub- 
iber's  station.  Con- 
;ted  across  these  two 
wires  at  the  central  office 
is  the  line  magnet  a  of  the 
drop.  The  springs  /  and 
s  are  connected,  respec- 
tively, with  the  two  sides 
of  the  line  wire,  and  form, 
:n  connection  with  the 
letallic-contact  sleeves  or 
himbles  A  and  it',  the 
ifing  jack  belonging  to 
bat  line.  The  tip  and 
lleeve  contacts  of  tlie  plug 

represented  by  i'  and  j',  and  a  third  contact  s",  merely 
t  brass  collar  or  sleeve,  is  provided  on  the  plug  for  making 
1  electrical  connection  between  the  two  thimbles  *,  i'of  the 
lack  when  the  plug  is  inserted.  The  thimble  A  is  grounded 
lugh  a  battery  //,  and  one  terminal  of  the  electro- 
magnet rf  of  the  drop  is  connected  with  the  thimble  i:\ 
Bthile  its  other  terminal  is  grounded.  When  a  current 
(rom  the  subscriber's  station  comes  over  the  two  wires  of 
tbe  metallic  circuit  /,  the  electromagnet  a  is  energized,  and 
by  attracting  its  armature  C  releases  the  forward  armature  r 
and  allows  it  to  push  the  shutter^  out  of  its  normal  position. 
193— an 
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When  an  operator  inserts  the  plug  P  for  the  purpose  of 
answering  this  call,  the  tip  and  sleeve  contacts  t',^  on  the 
plug  make  contact,  respectively,  wilh  the  lip  and  sleeve 
springs  /,  s  of  the  jack,  and  thus  connect  the  cord  circuit 
across  two  sides  of  the  line  circuit.  At  the  same  time,  th« 
second  sleeve  j"  on  the  plug  short-circuits  the  two  tbiml 
k,k'.  thus  compieting  the  circuit  through  the  eleclromai 
d  and  battery  B.  this  circuit  being  traced  from  the  posii 
pole  of  the  battery  through  thimble  X'-sleeve 
^'-winding  of  magnet  eZ-ground-negative  pole  of  batti 
The  energizing  of  this  magnet  causes  the  attraction  of 
forward  armature  e,  and  allows  the  shutter  g  to  fall  into 
its  normal  position.  It  is  thus  seen  that  the  restoring  of 
the  shutter  is  performed  without  any  additional  effort  on  the 
part  of  the  operator.  


MECIIANICAI-LT    RK9TOBING    DROPS 

4.     Amei-ltriiii  Electric  Telephone  Company' 
nnd    Jnek. — The  American  Blet-ti-Ic  Tflephone   Coi 
pony's  drop  nntl  Jack 
plug,  which  is  of  special 


N  th« 
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the  entire  mechanism  of  one  drop  and  jack  is  shown  in  \ 
spective,  while  Fig.  4  is  a  plan  view  of  the  mechanism  t 
the  drop  magnet  removed. 

The  drop  magnet  is  mounted  directly  above  the  jack,  1 
the  shutter  is  so  arranged  that  when  released  by  the  : 
ture,  a  projection  on  it  falls  in  front  of  the  jack-openiil 
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"he  plug  carries  a.  collar,  which,  during  Ihe  insertion  or  wilh- 
inwal  of  llie  plug  from  the  jack,  engages  this  projection  on 

Ihe  shutter  and  serves  to  mechanically  raise  the  shutter  to 
Pts  normal  pusiiiou.  The  back  panel  of  the  switchboard  is 
at  /,  Fig.  3.  and  is  provided  with  two  holes  for 
nach  jack,  through  which  the  machine  screws  /,  /'  pass  when 


flie  combined  drop  and  jack  is  in  place.  These  two  screws  /,  /' 
terve  not  only  to  hold  the  drops  and  jacks  in  place,  but  also 
hs  a  means  for  connecting  the  line  terminals  with  the  various 
of  the  mechanism.  The  back  panel  f  is  also  pro- 
H<led  with  strips  A,  li  and  h',h'  with  which  the  springs  g.g 
axAg'yg',  secured  to  the  back  of  the  drop,  engage  when  the 
Irop  is  clamped  in  position.  The  two  lower  strips  h'.  h' 
[ona  the  terminals  of  the  switchboard  generator,  and  the 
fines  g',g'  are  connected,  respectively,  with  the  long 
ing/  and  the  spring  i  on  the  opposite  side  of  the  jack,  so 


ini^-^^B^ 


Ihal  these  two  springs  /,  i  form  terminals  of  the  switchboard- 
generator  circuit-  The  line  springs  /,  s  are  arranged  between 
;  generator  springs  and  are  adapted  to  make  contact  with 
Ibe  tip  and  sleeve  conductors  l',^.  respectively,  of  Ihe  plug, 
prhen  inserted  into  the  jack.  The  line  spring  s  is  connected 
pirectly  with  the  terminal  screw  /,  while  the  line  spring  /  is 
lonnected  through  the  coil  a  of  the  drop  with  the  other 
minal  c 
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6.  The  drop  is  composed  of  the  electromagnet  a,  which 
is  enclosed  in  a  sheet-iron  box  b  that  forms  a  partial  mag- 
netic shield  for  the  prevention  of  cross-talk.  The  armatures 
is  pivoted,  as  shown  at  c^,  at  the  rear  portion  of  this  shield 
and  has  a  forwardly  projecting  lever  r^',  holding  the  shutter  d 
in  position  in  the  ordinary  manner.  The  projection  </'  on  the 
face  of  the  shutter  falls  in  front  of  the  jack-opening  when 
the  shutter  is  down.  When  the  plug  is  inserted  in  the  jack, 
the  collar  k  on  the  plug  engages  the  projection  d*  and 
forces  the  shutter  into  its  raised  position.  If,  while  the  plug 
is  in,  the  drop  is  again  actuated  as  a  clearing-out  signal,  the 
projection  d'  falls  in  front  of  the  collar  k.  By  this  means, 
when  the  plug  is  withdrawn  from  the  jack,  the  collar  k 
will  again  be  pressed  against  the  projection  d'^  again 
restoring    the    shutter. 

6.  It  has  been  said  that  the  terminals  of  the  switch- 
board-generator circuit  were  brought  into  proximity  with 
each  jack  by  means  of  the  springs  j  and  e,  one,/,  occupying  a 
position  opposite  the  tip  spring  /  of  the  jack,  and  the  other, 
/,  a  similar  position  on  the  other  side  of  the  jack-tube.  In 
order  to  call  a  subscriber,  therefore,  the  operator  has  only  to 
press  the  plug  into  the  jack  as  far  as  it  will  go.  This 
causes  the  collar  k  to  slide  back  on  the  plug  against  the 
pressure  of  the  spring  within  the  plug  handle.  The  tip 
spring  parts  contact  with  the  tip  of  the  plug  /',  and  rides 
on  the  enlarged  portion  w,  thus  forcing  spring  «,  lying 
parallel  to  the  tip  spring,  into  engagement  with  its  gener- 
ator spring  y.  This  connects  one  terminal  of  the  generator 
to  the  line  screw  /'  through  the  spring  /,  spring  «,  and 
metallic  strip  v.  The  sleeve  spring  is  at  the  same  time 
electrically  connected  with  the  generator  spring  /,  because 
the  sleeve  ^  on  the  plug  touches  both  the  sleeve  spring  s 
and  the  tip  spring  /.  Thus  the  two  sides  of  the  line  are 
connected  with  the  terminals  of  the  switchboard  generator. 

The  two  strips  r,  r  projecting  from  the  front  of  each  jack 
form  the  terminals  of  the  night-alarm  circuit,  the  connection 
to  them  being  completed  by  means  of  the  springs  ^,  g  and 
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■tbe  strips  A,  A,  already  referred  to.     When  the  shutter  falls, 
wit  bridges  across  the  two  wires  r,  r,  thus  completing  the 
jcircutt  and  sounding  tbe  bell. 

T.     Tabular    Bell-Express     Drop     and     Jack. — The 

American  Electric  Telephone  Company  makes  another  form 

of  combined  restoring  drop  and  jack,  shown  in  Fig.  6,  which 

it  calls    its    seir-rt'stOrliig    tubular    Dell-express    Urop 

ontl    Jack.      The   term    Bell-express    is    probably   applied 

because  the  drop  is  used  on  the  so-caUeti  Bell-express  type 

of  switchboards,  the  term  Bell-express  implying  a  switch- 

^^[board   resembling    similar   swiiohbuHrils    used   by   the  Bell 

^Hcompanies  and  operated  with  the  speed  of  an  express  train, 

^^■that  is,  very  rapidly  compared  with  a  manual-restoring  drop 
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ard.  This  drop  and  jack  is  self-contained  ami  may  be 
iasUy  removed  as  one  part  by  loosening  two  screws  a, 6 
that  secure  it  to  the  iron  strip  c.  Substantial  terminals  are 
mounted  in  the  rear  fiber  end  piece  and  a  soft-iron  shell 
encloses  the  coil.  The  armature  d  and  shutter  arm  e  are 
copper-plated.  The  German-silver  jack-springs  are  bolted 
to  the  shell  of  the  drop,  mica  insulation  i  being  inserted 
between  the  springs.  When  the  plug  is  inserted  in  the 
iaclc,  the  movement  of  the  spring  /  restores  the  shutter  to 
its  normal  position.  The  connections  between  the  coil  and 
iack-springs  are  soldered  and  the  night-alarm  contact  is  of  a 
wiping  nature. 

S.  The  Douu  Bleclrlc  Company^H  Drop  ftnd  Jack. 
AH  the  principal  working  parts  of  this  piece  of  apparatus  are 


MAGNETO-SWITCHBOARDS 

bowa  in  Fig.  7,  (a)  being  a  cross-section  and  {i>)  and  (c) 
■onl  and  rear  views,  respectively.  The  drop  is  of  the 
ubular  type,  having  a  one-piece  drawn-steel  outer  shell  a 
i  attached  to  a  front,  or  mounting,  plate  d  by  means 
if  two  screws  passing  through  hard-rubber  bushings.  An 
ntervening  sheet  of  hard  nibber  e  is  provided  to  complete 
the  insulation  of  the  drop  from  all  other  parts  of  the  com- 
linatioD.  The  actuating  coii  J  is  enclosed  within  this  shell, 
■stead  of  being  wound  directly  on  the  solid  core,  as  is 
isually  the  case,  it  has  a  soften-iron  tubular  portion  t  on 
rhich  the  fiber  heads  y.z  are  driven  to  form  a  spool.  The 
iorway-iron  core  x,  over  which  this  tubular-cored  spool  easily 
tides,  is  riveted  securely  into  the  bead  of  the  drop  shell, 
bereby  substantially  forming  a  one-piece  magnetic  circuit, 
"he  tubular  core  of  this  spool  is  made  about  s'r  inch  shorter 
ban  the  mner  core,  so  that  when  the  spool  is  slipped  into  place 
nd  locked  by  a  spring  catch  /  that  engages  the  pin  f,  located 
I  the  spool  head,  its  end  will  clear  the  armature  ^  regard- 
iss  of  any  slight  inequalities  in  the  manufacture  of  the  spool, 
r  inability  to  force  it  completely  into  the  shell.  The  coil  of 
lis  drop  is  thus  made  interchangeable  and  can  be  removed 
nd  replaced  without  any  possibility  of  changing  the  air-gap 
etween  the  armature  and  the  core. 

In  order  to  facilitate  the  removal  of  the  coil,  a  special 
nnature  construction  is  employed.  An  annealed  Norway- 
■on  armature^  is  pivoted  by  the  pin  //  to  the  bracket  /.  which 
i  securely  fastened  to  the  drop  shell.     The  shutter  hook/ has 

0  enlarged  portion  >,,  which  is  also  pivoted  on  the  pin  A.  A 
at  spring  g,.  fastened  to  the  lower  portion  of  the  armature  g, 

1  made  to  engage  the  enlarged  portion  of  the  shutter  hook  /, 
nd  normally  hold  the  two  firmly  together,  so  that  when  the 
ore  attracts  the  armature  the  hooky  will  release  the  shutter^. 
This  spring  ^,  acts  similar  to  that  in  a  jack-knife  by  allowing 
he  armature  to  swing  up  and  be  held  ■out  of  the  way,  as 
bown  in  Fig.  8,  and  permit  the  spool  to  be  withdrawn  from 
be  drop  shell.  The  portion  /,  of  the  shutter  hook  has  two 
ownwardly  projecting  wings y,,/,.  Figs.  7  (c)  and   8,  which 

rve  as  limiting  stops  for  the  armature  when  it  is  in  its 
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normal  position.  The  drop  spools  can  thus  be  readily  taken 
out  and  replaced  without  disturbing  the  armature  mechanism 
and  without  danger  of  losing  any  small  parts  or  dama£ing 
the  adjustment. 


The  drop  shutter  k  is  of  the  usual  gravity  type,  but  is  pro- 
vided with  an  opening  near  the  top  through  which  the  hook 
passes  when  the  shutter  is  in  its  up-position.  The  end  of 
this  hook  has  a  downward  bend,  so  that  should  the  armature 
become  stuck  and  the  hook  consequently  kept  raised,  the 
shutter,  as  it  is  restored,  will  strike  the  same  and  force  the 
armature  beyond  the  distance  through  which  the  residual 
magnetism  of  the  core  will  act.  This  is  a  very  important 
feature  in  the  construction  of  sensitive  working  drops  that 
are  designed  for  very  small  operating  currents,  as  these 
drops  are  also  subject  to  heavy  ringing  currents,  which  tend 
to  make  the  armature  "stick," 

9.  In  Pig.  7  id)  is  shown  the  night-alarm  contact  of  this 
drop.  It  consists  of  a  long,  flexible,  German-silver  spring  / 
mounted  on  the  outside  of  the  drop  shell  and  normally 
insulated  from  it  and  the  remainder  of  the  drop.  The  end 
of  this  spring  extends  through  an  opening  in  the  mounting 
plate  and  is  so  shaped  as  to  be  forced  down  by  the  projec- 
tion k,  on  the  shutter  when  the  latter  falls.  This  causes  a 
platinum  surface  on  the  spring  /  to  make  a  pressure  contact 
with  the  platinum  rivet  in  the  other  spring  m  and  thereby 
complete  the  night-alarm  circuit.  The  platinum  points  and 
gravity  pressure  employed  in  this  night-alarm  mechanism 
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linsuKs  A  safe  low-resistance  contact  that  will  allow  a  low- 

I  voltage  battery  and  bell  to  be  utilized. 

10.  The  spring  jack  of  this  combination  is  made  with 
I  rigid  sheet-steel  frame  n,  as  shown  in  the  sectional  view, 
Pig.  7  (nl,  and  in  the  bottom  view  of  the  jack,  Fig.  7  (c). 
The  threaded  metal  thimble  o  passes  through  a  rubber-bushed 
ho5e  in  the  mounting  strip  and  screws  into  the  jack-frame  «, 

I  holding  the  latter  securely  in  place.  This  thimble  serves  as 
the  sleeve  of  the  jack  through  which  the  plug  is  inserted. 
The  jack-springs  fi.g.r  and  shutler-restoring  spring  s  are 
insulated  from  each  other  by  hard  rubber  and  are  attached  to 
the  drop  frame  by  two  screws.  When  the  plug  is  inserted,  the 
sleeve  spring  r  is  raised,  which  in  turn  causes  the  restoring 
spring  s  to  lift  its  projecting  end  s,  and  force  the  drop 
shutter  k  into  its  restored  or  up-position,  Oc  withdrawing 
the  plug,  the  springs  r  and  s  return  to  their  normal  position 
I  against  the  insulated  stop  /  and  the  shutter  is  retained  by 
■the  hook  j. 

I  The  plug  on  being  inserted  also  engages  the  tip  spring/ 
•^  and  causes  it  to  open  contact  with  the  local  spring  y,  the 
latter  being  connected  to  the  drop  winding  as  subsequently 
described.  These  springs  normally  rest  on  the  insulated 
stop  /  whose  function  is  to  keep  all  the  jack-springs  nor- 
mally lined  up  with  respect  to  the  opening  in  sleeve  t>  when 
they  are  under  initial  tension. 

^Tbe  terminals  e,  and  r.  of  the  drop  winding  are  located  in 
the  spool  head  y  so  as  to  project  through  two  openings  in 
the  armature,  as  shown  in  Fig.  7  (c).  Two  connecting 
links  u,v  from  the  sleeve  jack-spring  r  and  local  contact 
spring  g.  respectively,  extend  upwards  and  hook  under  the 
terminal  screws  c.  and  c.  These  links  carry  the  drop  circuit 
to  the  line  terminals  u,  and  a*,  the  former  direct  and  the 
latter  through  platinum  contacts  on  the  local  spring  g,  to  the 
lip  spring  ;*.  and  Ihence  to  the  line  through  the  terminal  w. 
.  The  drop  winding  is  ihtis  cut  o(T  from  the  line  circuit  when 
btbe  ping  is  inserted  in  the  jack. 
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GENERATOR-CALL.    VISUAL.    8IGNAL.S 

11.  Where  generators  are  used  by  subscribers  to  call  up 
the  exchange  and  the  rapidity  of  operation  of  a  common- 
battery  signaling  system  is  desired,  generator-call  visual 
signals  are  used.  These  signals,  after  being  operated 
by  the  generator  current,  are  locked  in  their  operated  posi- 
tion by  current  from  a  battery.  A  line  signal  is  usually 
restored  by  gravity  when  the  operator  opens  the  battery  cir- 
cuit by  the  insertion  of  a  plug  in  the  line  jack;  a  clearing- 
out  signal  is  usually  restored  by  gravity  when  the  operator 
removes  the  plug  from  the  jack,  or  closes  the  listening  key 
to  determine  if  both  subscribers  are  through  with  their  lines. 

12.  Mason  Generator-Call  Target. — The  generator- 
call  visual  signal  and  jack  made  by  The  Sumter  Telephone 
Manufacturing  Company  is  shown  in  Fig.  9  {a).  Mr.  Mason, 
the  inventor,  says  that  experience  shows  that  a  jack  seldom 
requires  repair  or  adjustment  after  it  is  installed,  whereas 
the  signal  is  liable  to  injury  or  disarrangement  due  to  light- 
ning or  other  causes;  hence,  he  has  arranged  this  signal  and 
jack  so  that  the  signal  can  be  easily  removed  or  inserted 
without  disturbing  any  other  part  of  the  switchboard  and 
without  requiring  any  soldered  joints.  The  jacks  are 
assembled  in  horizontal  strips,  the  space  between  adjacent 
strips  being  just  wide  enough  to  receive  the  signals. 

Each  signal,  which  is  located  immediately  below  a  jack, 
consists  of  a  rectangular  frame  of  metal,  the  front  wall  of 
which  is  provided  with  a  slot  that  permits  a  shutter,  or  tar- 
get, n  to  fall  into  view  when  the  iron  core  attracts  and  thus 
raises  the  iron  armature  j\  which  is  arranged  to  rotate  about 
two  horizontal  pivots  g.  When  the  core  loses  its  magnet- 
ism, the  weight  of  the  armature  j  is  sufficient  to  raise  the 
target  n,  which  can  be  made  of  thin  and  light  material. 

Secured  between  strips  of  insulation  mounted  on  the  rear 
of  the  rectangular  frame  of  the  drop  are  two  springs  /,/ 
having  projecting  clips  at  their  rear  ends,  to  which  are  sold- 
ered the  terminals  of  the  coil  k.     The  front  ends  of  the 
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13.  The  coil  may  have  one  or  two  windings  and  may  be 
connected  as  shown  in  either  Fig.  10  (a)  or  Fig.  10  (^),  in 
which  the  parts  are  lettered  the  same  as  in  the  preceding 
figure.  In  Fig.  10  (a)  the  current  from  a  subscriber's  gener- 
ator will  flow  through  the  path  x-c-d-i-k-p-g-r-d-y ,  thereby 
attracting  the  armature,  which  causes  the  target  to  fall  into 
view  and  the  contact  at  /  to  be  closed,  thus  allowing  current 
from  the  battery  B  to  flow  through  t-m-2-k-l-d'-c-€  back  to 
B.  Consequently,  when  the  current  from  the  subscriber's 
station  ceases,  the  battery  current  will  continue  to  hold  the 
target  in  view  until  the  operator  inserts  a  plug  in  the  jack 
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associated  with  this  signal,  which  operation  separates  the 
spring  c  from  e  and  d  from  r,  thus  opening  the  battery  circuit 
at  e  and  connecting  the  line  springs  dy  c  to  the  plug  contacts. 
The  target  now  returns  to  its  normal  position  and  opens  the 
battery  circuit  at  another  point  /,  so  that  when  the  plug  is 
withdrawn  the  target  still  remains  hid  from  the  operator, 
although  the  battery  circuit  is  now  closed  between  the  jack- 
springs  c,  e. 

Fag.  10  (b)  operates  in  exactly  the  same  manner,  except 
that  a  separate  winding  w  is  provided  for  the  local  battery 
circuit,  which  is  the  more  convenient  arrangement  in  many 
cases. 

14.  Stromberg-Carlson  8igrnal. — The  generator-call 
visual    signal    made   by  the   Stromberg-Carlson   Telephone 
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■amifacturing  Company  is  shown  in  Fig.  11.  The  coil  and 
piQving  parts  are  almost  enclosed  by  the  iron  frame  uvw  and 
the  front  piece  /,  on  which  appears  the  line  number  and  a 
glass  window  £.  The  bar  d  is  used  to  hold  the  frame 
together,  while  the  coil  is  held  in  the  frame  by  a  nut  and 
screw  k  and  by  screws  that  pass  through  each  side  of  the 
frame  into  the  fiber  head  /.  When  a  subscriber  turns  his 
generator,  a  current  is  sent  through  the  high -re  si  stance  line 
,  thereby  causing  the  core  to  attract  the  iron  armature  a. 
{rhtch  is  pivoted  on  horizontal  pivots  at  e\  the  armature  moves 


bwnwards  and  the  aluminum  target  /  rises  and  shows  its 
bgnal,  a  bright  surface,  through  the  window  j^.  At  the  saine 
me,  the  piece  b  lifts  the  contact  spring  c  against  the  adjust- 
fcle  screw  x,  thereby  closing  a  local  circuit  that  allows  cur- 
^nt  from  a  common  local  battery  to  flow  through  the  small 
KlilQg  coil  n.  thus  magnetizing  the  core  sufficiently  to  hold 
he  target  exposed  until  the  operator  inserts  a  plug  in  the 
ick  associated  with  this  signal,  which  cuts  off  the  battery 
jniTent,  releases  the  armature,  and  drops  the  target  to  its 
IDrmal  position,  out  of  sight  of  the  operator. 

I  16.  When  the  subscriber  rings  off,  the  clearing-out  sig- 
Bal,  which  is  like  the  line  signal,  is  operated  in  the  same 
manner  and  is  restored  by  gravity  when  the  operator  opens 
the  local  circuit  by  throwing  the  listening  key  into  thetisten- 
ing  posidon  to  ascertain  if  either  subscriber  desires  another 
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connection.  Current  for  the  locking  coil  n  of  these  signals 
is  furnished  by  dry  cells  in  very  small  exchanges  and  by 
Gordon  cells  in  larger  systems.  The  locking  coil  has  no  con- 
nection with  the  line  or  ground.  In  case  a  call  not  intended 
for  the  operator  is  sent  over  a  party  line,  the  target  may 
be  restored  by  pressing  a  non-locking  key  mounted  at  the 
right  of  the  operator's  position  in  the  front  of  the  switchboard 
just  below  the  edge  of  the  key  shelf. 

In  the  normal  position  of  the  signal,  there  should  be  a 
slight  space  between  the  contact  spring  c  and  the  spring  d, 
also  between  c  and  the  adjustable  screw  x.  The  line  coil 
may  be  obtained  wound  to  a  resistance  of  250,  500,  or  1,000 
ohms.  The  makers  claim  that  an  operator  can  handle 
200  lines  equipped  with  these  signals  almost  as  easily  as 
100  lines  equipped  with  mechanically  hand-restored  drops. 


lilSTENING  AND  RINGING  DEVICES 

16.  In  establishing  a  connection  between  two  subscribers, 
several  switching  operations  have  to  be  performed  by  the 
operator  in  connecting  her  telephone  with  the  circuit  of  the 
calling  subscriber,  and  later  across  the  circuit  of  both  sub- 
scribers, and  also  in  ringing  either  one  or  the  other  of  the 
subscribers,  as  conditions  may  require.  To  accomplish  these 
changes,  many  forms  of  switching  mechanisms  have  been 
devised.  At  one  time,  very  elaborate  keys  were  constructed, 
the  springs  of  which  could  be  placed  in  any  one  of  four 
positions  by  one  hand.  In  the  normal  position,  the  answer- 
ing and  calling  plugs  were  connected  together;  in  the 
second  position,  the  listening  set  was  connected  across 
the  cord  circuit;  in  the  third  position,  the  ringing  generator 
was  connected  across  the  calling  plug;  and  in  the  fourth 
position,  across  the  answering  plug.  Such  keys  seem  to 
have  gone  out  of  use  and  a  nearly  standard  form  of  listen- 
ing and  ringing  key  like  that  shown  in  Fig.  12  is  now 
more  generally  used. 

17.  Dean  Keys. — In  Fig.  12  is  shown  the  Dean  Elec- 
tric  Company's    ringing-and-listening  key  L  and  ring-back 
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■key  R  fastened  on  one  escutcheon  plate  s,  which  permits  of 
mounting  the  whole  device  directly  on  the  wood  of  the  kev 
Key  L  is  self-locking  in  Ihe  listening  position,  that 

|)s,  with  the  handle  to  the  right.  Both  L  and  R  automatically 
restore  from  the  ringing  position,  thai  is.  with  the  handles 
toward  the  left,  when  released.  The  ring-back  key  Ji 
tnables  the  operator  to  ring  the  bell  of  the  original  calling 


iubscriber  should  he  have  hung  up  his  receiver  before  the 
barty  called  for  is  obtained. 

The  framework  of  these  keys  is  made  very  rigid  from 
%eavy  brass  stock.  The  cams  are  in  one  piece,  with  stops 
ho  limit  their  movements,  while  the  cam-handles  are  attached 
py  large  steel  screws  that  are  sufficiently  long  to  reenforce 

(be  parts  and  prevent  breakage.    The  rollers  a  for  reducing  the 

Fiction  of  the  cams  on  the  springs  are  securely  fastened  to 
prevent  them  from  working  loose.  The  springs  are  German 
silver,  with  riveted  platinum  contacts,  while  all  the  insula- 
tioD  is  hard  rubber.     These  keys  have  an  easy  and  positive 

iGtioD.  with  no  sliding  friction,  thus  insuring  long  life. 
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SWITCHBOARD  CIRCUITS 
18.  Connection  of  Keys. — The  connections  of  a  cord 
circuit  containing  ringing  and  listening  keys  are  shown  in 
Fig.  13.  In  the  normal  position  of  the  key  handles^,  L,  the 
tip  of  the  answering  and  calling  plugs  are  connected  together, 
as  are  also  their  sleeves.  When  L  is  pushed  away  from  the 
operator,  to  the  right  in  this  figure,  the  springs  a,b  touch 
contacts  1,2,  respectively,  and  the  operator's  listening  set  is 
connected  through  l-a-7~e  and  2-b-8-(  across  the  answering 
plug  and  through  l-a-3-c  and  2-b—i-d  across  the  calling 
plug.  When  L  is  drawn  toward  the  operator,  to  the  left  in 
this  figure,  the  ringing  generator  is  connected  through  m-5-c 


and  n-6-d  across  the  calling  plug,  while  the  circuit  across  the 
answering  plug  is  opened  at  contacts  3, 4.  When  R  is  drawn 
toward  the  operator,  to  the  left  in  this  figure,  the  ringing 
generator  is  connected  through  m-9-e  and  n-lO-f  across  the 
answering  plug,  while  the  circuit  to  the  calling  plug  is  opeped 
at  7,8.  When  ringing  the  called-for  subscriber,  no  ringing 
current  flows  through  the  waiting  subscriber's  receiver  and 
annoys  him;  similarly,  if  it  is  necessary  to  ring  back  for  the 
calling  subscriber,  on  account  of  his  having  hung  up  his 
receiver  before  the  called-for  subscriber  answers,  the  ringing 
current  does  not  flow  through  the  called-for  subscriber's 
receiver  and  thus  annoy  him. 

19.     In  Fig.  14  is  shown  practically  the  same  cord-circuit 
connections  as  actually  installed  in  a  Kellogg-express  type 
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I  swilcbboard.     A  color  scheme  is  followed  in  the  insutalion 
the  wires  that  are  grouped  in  cables,  so  that  circuits  may 


e  traced  through  without  the  necessity  of  testing.     A  pair 
if  Kellogg  keys  is  also  shown  in  this  figure. 

20.  Operator's  Circuit. — ^In  Fig.  15  is  shown  the  con- 
fections of  the  oyerator's  circuit,  as  actually  installed. 
Each  and  every  talking  circuit  is  wired  as  a  twisted  pair 
hroughout  its  length,  thus  eliminating  all  cross-Ialk  due  to 
nduction  in  the  switL-hboard  w^iring.  Thus,  the  wiring  of  the 
ransmitter  circuit  from  lug  s  is  led  considerably  out  of  the 
?ay  and  looped  back  so  that  the  circuit  may  be  wired  as  a 
wisted  pair.  Three  gravity  cells  are  used  to  supply  current 
o  the  transmitter. 

At  y1  is  shown  a  cut-in  jack.  Each  operator  is  provided 
ritb  a  bead-receiver  connected  by  a  flexible  cord  to  a  cut- 
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plug  C  which  is  used  by  her  alone.  When  she  starts  work, 
she  inserts  her  cut-in  plug  in  the  cut-in  jack,  thereby 
connecting  her  receiver  to  the  strap  wires  running  to  all 
listening  keys  at  her  position  and  also  closing  the  trans- 
mitter-battery circuit. 


Fio,  15 


21.  NtKht-Alarm  Circuit. — In  Fig.  16  is  shown  the 
nlKht-alariu  ulroultusedon  Kellogg-express switchboards. 
In  order  that  there  shall  be  no  failure  in  the  operation  of  the 
night  alarm  due  to  poor  or  dirty  contacts  at  the  line-drop 
shutters,  these  contacts  are  used  merely  to  close  a  circuit  con- 
taining fifteen  dry  cells,  giving  about  20  volts,  and  a  sensi- 
tive 500-ohm  night-alarm  relay,  the  construction  of  which  is 
sufficiently  well  shown  in  this  figure.  The  magnetic  circuit 
consists  of  a  core,  the  L-shaped  iron  piece  c  that  is  rigidly 
secured  in  position  with  one  end  against  the  iron  core,  and 
the  L-shaped  armature  a  that  is  pivoted  on  the  edge  of  c;  the 
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spring  e  tends  to  keep  the  lower  end  away  from  the  core. 
When  the  end  a  of  the  armature  is  attracted  by  Ihe  core,  the 
other  end  lifts  sufficiently  to  bring  the  spring  e  in  con- 
tact with  w,  thereby  closing  another  local  circuit  containing 
an  ordinary  bell  and  two  dry  cells.  The  relay  springs  are 
provided  with  platinum  coniacts  and  the  whole  relay  is  enclosed 
in  a  drawn-steel  shell  to  protect  it  from  dust.  The  relay 
will  operate  through  1,000  ohms  on  20  volts:  hence,  the  con- 
tact resistance  at  the  drop  is  never  apt  to  interfere  with  Ihe 
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Operation  of  the  relay.  The  steel  shell  does  not  interfere 
with  the  magnetic  action  of  the  relay  because  the  iron  core, 
piece  (,  and  armature  a  form  a  good  magnetic  circuit. 

By  placing  the  arm  of  the  night-alarm  switch  on  the 
middle  contact,  an  extension  battery  bell,  placed  in  any 
other  room  in  the  building,  is  connected  in  series  with  the 
fifteen  dry  cells  and  controlled  by  the  contacts  on  the  drops, 
the  night-alarm  relay  with  the  regular  night-alarm  bell  being 
cut  oat. 
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The  conDectioDs  of  the  bars,  or  termioals,  not  shown  in 
Fig.  14,  15,  or  16,  are  as  follows:  12  is  connected  to  the 
grounded  terminal  of  the  power  alternating-current  ringing 
generator,  also  to  the  hand  generator  and  to  one  strap  wire 
of  all  ringing  keys  at  that  operator's  position;  13  is  connected 
through  a  110-voIt  16-candlepower  lamp  to  the  other  terminal 
of  the  power  generator,  also  to  the  switch  that  controls  the 
use  of  either  the  power  or  hand  generator;  one  of  the  other  \ 
two  contacts  of  the  latter  switch  is  connected  to  the  other 
terminal  of  the  hand  generator  and  the  other  contact  to  the 
other  strap  wire  of  all  ringing  keys  at  that  operator's  position; 
14  and  15  are  connected  through  110-volt  16-candlepower 
lamps  to  sources  of  negative  and  positive  pulsating  currents, 
respectively,  and  also  to  the  selective -ringing  keys  used 
with  selective-ringing,  pulsating-current  party-line  systems. 
When  furnished,  bars  16  and  17  are  used  in  connection  with 
transfer  lamp-signal  circuits. 

22.  '  Repeatlnf^  Coll  In  Cord  Cirenlt. — It  is  frequently 
desirable,  especially  on  toll  switchboards,  to  arrange  a 
repeating  coil  so  that  it  may  be  cut  in  or  out  of  a  cord  cir- 
cuit connecting  two  line  circuits,  by  means  of  a  simple 
switchboard  key.     Such  an  arrangement  is  shown  in  Fig.  17. 


When  the  springs  a,  b  of  the  key  rest  in  their  normal  position 
against  contacts  c,  e,  respectively,  the  tips  /,  t'  and  sleeves  s,  s' 
of  the  plugs  are  connected  directly  together;  but  when  the 
key  is  operated,  /'  is  connected  through  d  to  1,  s"  to  ^,  /  to  2 
and  s  through  /  to  3.     Thus  one  winding  of  the  repeating  coil 
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is  connected  across  each  side  of  the  circuit,  consequently  the 
two  sides  of  the  circuit  are  connected  only  inductively  through 
the  repeating  coil.  W  is  the  regular  ringing  key,  B  the 
listening  key,  and  C  the  ring-back  key. 


^thc 
^Bcoi 


BKIJ^EXPRESS  TYPE   OF  SWITCHBOARD   CIKCDIT 

33.  In  Fig.  18  is  shown  a  Boll-e-xpress  type  of  swltch- 
iKMrd  as  wired  by  the  American  Electric  Telephone  Com- 
pany. The  use  of  the  mechanically  restoring  line  drop  and 
the  tubular  clearing-out.  or  ring-off,  drop  made  by  ihe  same 

rapany  and  already  described  is  shown  in  ihis  figure. 
'he  construction  of  this  company's  ringing  and  listening 
Iceys,  which  have  German-silver  springs  of  proper  length  and 
provided  with  platinum  contact  points,  is  shown  at  R  and  L, 
the  connections  being  shown  immediately  below  the  keys. 
The  movement  of  the  springs  is  effected  by  an  insulated 
roller  mounted  on  the  handle,  thus  putting  the  friction  and 

;ar  on  the  roller  and  not  on  the  springs. 

When  the  handle  /,  is  pushed  away  from  the  operator  (to 
the  left),  her  Ustening  set  is  connected  across  the  answering 
wid  calling  plug:  when  pulled  toward  her  (to  the  right),  the 
ringing  wires  A,  d  are  connected  across  the  calling  cord 
only;  and  when  the  ring-back  key  R  is  pulled  toward  her 
(to  the  right),  the  ringing  wires  are  connected  across  the 
answering  plug  only. 

24.  Master  Selectlve-RlnglnK  Kef. — The  ringing 
wires  from  all  keys  in  one  operator's  position  are  collected 
together  at  some  point  /,  from  which  point  a  single  pair  of 
wires  lead  to  the  selective-ringing  key  that  is  used  for  select- 
ing the  desired  telephone  when  the  Leich  selective-ringing, 
four-pan y-l in e  lelephnnes  arc  used.  When  only  one  such 
key  is  thus  used  at  each  operator's  position  on  a  switch- 
board. It  is  called  a  tnai«Icr  selertlve<rlngln{c  key. 

When  the  key  .-(  is  pressed,  ordinary  alternating  current, 
having  a  (retiuency  of  about  2i)  cycles  per  second,  is  supplied 
to  the  ringing  wires  from  either  a  hand  generator  H G  or  a 
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power  generator  PG^  depending  on  the  position  of  the 
switch  S,  The  hand  generator  is  used  on  very  small  boards 
or  on  larger  boards  during  the  night  or  such  other  times  as 
the  power  generator  cannot  be  run.  The  key  A  enables  the 
operator  to  ring  an  ordinary  telephone  when  it  is  the  only 
one  connected  across  a  line  circuit.  Such  a  telephone  is  fre- 
quently called  a  private-line  telephone  to  distinguish  it  from 
a  party-line  telephone. 

When  the  key  1  is  pressed,  the  low-frequency  generator  is 
connected  between  the  tip  conductor  and  the  ground;  when 
2  is  pressed  the  low-frequency  generator  is  connected  between 
the  sleeve  conductor  and  the  ground;  when  S  is  pressed,  a 
high-frequency  generator,  giving  60  cycles  per  second,  is 
connected  between  the  tip  conductor  and  the  ground;  when 
4  is  pressed  the  high-frequency  generator  is  connected 
between  the  sleeve  conductor  and  the  ground. 

Any  selective  key  will  remain  depressed  until  another 
selective  key  is  pressed.  Pressing  the  button  of  the  releasing 
spring  mechanically  restores  any  key  that  may  be  depressed. 
To  ring  with  this  key,  the  operator  first  presses  the  proper 
selective  key,  then  closes  the  regular  ringing  key  associated 
with  the  cord  circuit  she  is  using.  The  Leich  party-line 
telephone  system  will  be  fully  explained  elsewhere. 

25.  V  is  the  night  bell;  it  may  have  its  circuit  opened 
or  closed  at  the  switch  D,  The  buzzer  is  used  on  small 
boards  to  inform  the  operator  whether  ringing  current  is 
being  properly  sent  through  the  line.  The  lamps  k,  /,  one 
in  high-  and  the  other  in  low-frequency  generator  circuits  are 
used  merely  as  non-inductive  resistances  to  prevent  damage 
to  the  ringing  generators  in  case  there  should  be  a  short- 
circuit,  caused  by  a  cross,  or  otherwise,  on  any  line.  This 
figure  is  a  good  example  of  the  way  in  which  switchboard 
circuits  are  sometimes  drawn. 
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MISCEIiliANEOUS  DEVICES 

26.  Cutting:  Out  Operator's  Transmitter. — When 
an  operator  is  listening  on  a  line,  it  is  sometimes  very  desir- 
able to  arrange  her  set  so  that  she  may  prevent  the  noises 
made  in  the  central  offices  from  being  heard  by  the  sub- 
scriber while  talking  to  her.  There  are  several  methods  for 
accomplishing  this  result.  One  method  is  to  connect  a  push 
button  in  series  with  the  primary  winding  of  the  operator's 
induction  coil,  as  shown  in  Fig.  19.     The  push  button,  in  its 
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normal  position,  keeps  the  primary  circuit  closed;  but  when 
pressed,  opens  the  primary  circuit  and  consequently  no 
noise  can  then  be  transmitted  to  the  line  through  the 
operator's  transmitter. 

Another  method,  which  is  shown  in  Fig.  20,  consists  of 
a  push  button  connected  across  the  secondary  winding  of  the 
operator's  induction  coil.  The  circuit  through  the  push  but- 
ton is  normally  open,  but  when  the  button  is  pressed,  the 
secondary  winding  is   short-circuited.     The  latter  arrange- 


Fig.  20 

ment  is  preferable  to  the  former,  because  practically  no  clicks 
can  be  heard  by  the  subscriber  when  the  push  button  is 
pressed  or  released.  In  either  case,  the  operator  must,  of 
course,  release  the  push  button,  which  may  be  mounted  in 
some  convenient  position  on  the  keyboard,  while  she  is 
talking. 
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Still  another  method,  which  is  used  in  some  central-energy 
systems,  is  to  connect  a  push  button  around  the  transmitter. 
The  push  button  is  normally  open,  but  when  pressed,  short- 
circuits  the  transmitter.  This  produces  less  disturbance  in 
other  transmitter  circuits  than  opening  the  transmitter  circuit. 

27.  Manafirer's  Nis:ht  lilstenins:  Circuit. — It  is  some- 
times difficult  in  a  small  or  medium-size  exchange  to  maintain 
discipline  among  the  operators  when  neither  the  chief  oper- 
ator nor  manager  are  on  duty.  To  assist  in  maintaining  an 
orderly  operating  room,  an  arrangement  applied  to  any  one 
of  the  operator's  sets,  whereby  the  manager  at  his  home  can 
hear  everything  that  is  going  on  in  the  exchange  room,  is 
very  advantageous.  One  arrangement  for  such  a  circuit  is 
shown  in  Fig.  21.     In  series  with  the  operator's  transmitter 


Optfvtor^  Tnr/fsm/tf9r 

and  primary  coil  p,  is  connected  another  primary  coil  p^\  and 
in  the  manager's  line  circuit  is  connected  the  secondary 
coil  5^.  Across  the  line  drop  is  connected  a  2-microfarad 
condenser  C,  which  will  not  interfere  with  the  operation  of 
the  line  drop,  but  will  enable  the  voice  currents  to  readily 
pass  around  it.  With  the  listening  key  opened  or  closed, 
every  word  spoken  by  any  one  in  the  switchboard  room  can 
be  heard  at  the  manager's  telephone,  which  may  be  at  his 
residence.     He  can  thus  listen  in  whenever  he  pleases,  and 
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without  any  one  in  the  exchangee  Toeing  aware  of  the  fact. 
If  the  manager  calls  up  the  exchange,  the  line  -drop  and 
secondary  coil  s'  are  cut  out  when  the  operator  inserts  a  plug 
in  the  manager's  jack.  This  is  not  intended  as  a  spying 
system,  but  rather  as  a  check  on  the  operators,  who,  knowing 
of  its  existence,  will  attend  more  strictly  to  business. 


HOWL.ER 

28.  An  arrangement  of  apparatus  and  circuits  that 
may  be  used  to  produce  a  howling  sound  in  a  subscriber's 
receiver  that  has  been  carelessly  left  off  the  hook,  is  termed  a 
howler.  The  judicious  use  of  a  howler  circuit  will  save  the 
troubleman  many  trips,  which  frequently  require  a  half  day, 
merely  to  replace  a  receiver  that  has  been  carelessly  left  off 
the  hook.  It  will  be  found  that  nearly  always  some  one  can 
be  brought  to  the  telephone  when  the  howler  current  is 
thrown  on  the  line,  if  they  are  in  the  same  house,  as  the 
sound  is  very  penetrating  and  strange,  and  any  one  who 
hears  it  will  immediately  investigate,  and  when  they  reach 
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Fig.  22 

the  instrument  will  instinctively  place  the  receiver  back 
where  it  belongs.  For  this  purpose,  a  mechanical  inter- 
rupter is  usually  connected  in  series  with  a  battery  and  the 
primary  winding  of  an  induction,  or  repeating,  coil;  the 
secondary  winding  of  the  coil  is  connected  to  the  line  of 
the  subscriber  in  whose  receiver  the  howling  sound  is  to 
be  produced. 

A  very  simple  arrangement  that  is  suitable  for  use  in  a 
small  exchange  is  shown  in  Fig.  22,  in  which  Fis  a  vibrating 
device  that  will  periodically  interrupt  the  current  from  the 
battery  B.    The  interruptions  should  be  somewhere  between 
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ml  100  and  800  per  second,  about  600  being  preferable. 

In  ordinary  buzzer  may  answer  the  purpose.    ^  is  a  repeat- 

1.     When  the  key  is  closed  and  the  ping  inserted  in  a 

ick,  the  receiver  will  give  out  a  humming  sound  due  to  the 

lltemating  current  induced  in  the  secondary  winding  of  the 

epeating  coil,     Some  howlers  will  produce  a  sound  that  can 

»e  heard  at  a  distance  of   100  feet   from   the  receiver.     By 

llowing  the  vibrator  to  run  continuously  and  terminating 

lie  secondary  circuit  in  a.  Jack,  it  may  be  used  for  dusy  back 

ignaling.  which  will  be  explained  in  connection  with  multiple 

wilchboards. 

*9.     In  Fig.  23  is  shown  a  howler  circuit  suitable  for  use 

a  large  exchange  where  power  is  available  for  driving  a 

nmula'.or.      W  is  an  Interrupting  device  consisting  of  a 
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octal  wheel  in  the  circumference  of  which  are  notches  filled 
with  hard  insulating  material,  represented  by  the  black  seg- 
Dents.  One  side  of  the  circuit  to  be  periodically  broken  is 
Dnnected  to  the  metal  wheel  in  any  good  way,  for  instance, 
lirough  the  metal  support  and  shaft,  and  the  other  side  of 
le  circuit  to  a  stationary  brush  h  that  bears  against  the  cir- 
imference  of  the  wheel.  The  circuit  is  broken  and  the 
irrenl  interrupted  each  lime  an  insulating  segment  passes 
ider  the  brush.  This  interrupting  wheel  is  rotated  by  any 
litable  source  of  power,  at  the  proper  speed  to  produce  a 
ud  howl  in  a  telephone  receiver.  In  targe  exchanges,  this 
itemipter  is  usually  attached  to  and  operated  by  (he  same 
)otor  Ihat  drives  the  ringing  generator;  and  the  current 
rough  the  interrupter  in  central-energy  exchanges  is  sup- 
ied  by  the  exchange  storage  battery. 
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The  howler  key  K  is  arranged  so  that  the  plug  is  normally 
connected  to  its  cord  circuit,  the  primary  and  secondary  cir- 
cuits of  the  howling  device  being  open.  To  call  a  party 
whose  receiver  has  been  left  off  the  hook,  insert  the  plug  in 
the  jack  of  that  subscriber's  line  and  close  the  howler  key, 
which  connects  the  secondary  winding  through  contacts  r,  / 
with  the  plug  and  disconnects  at  d,e  the  rest  of  the  cord 
circuit.  The  primary  circuit  is  only  closed  between  con- 
tacts a,  b  when  the  key  is  closed,  so  that  current  flows  from 
the  battery  only  while  the  howler  current  is  being  used. 


POLE    CHANGERS 

30.  A  pole  clianpfer  is  a  device  employed  in  telephone 
systems  to  rapidly  interrupt  or  reverse  a  current  from  a 
battery  in  such  a  manner  that  it  may  be  used  to  ring  polarized 
bells.  It  is  really  an  automatically  operated  interrupting  or 
reversing  switch,  the  speed  being  such  as  to  give  about  30  to 
40  current  impulses  (15  to  20  in  each  direction)  per  second. 
Pole  changers  are  used  in  small  telephone  exchanges  where 
it  is  inconvenient  or  impossible  to  use  a  power-operated 
generator  or  where  the  pole  changer  would  be  the  more 
economical  to  install  and  operate. 

31.  The  Warner  pole  chancer  for  ringing  tele- 
phone bells  is  said  to  be  working  satisfactorily  in  over 
2,500  exchanges  in  the  United  States  alone;  it  is  said  to  ring 
as  many  as  forty  telephones  bridged  across  the  same  circuit 
and  to  be  suitable  for  ringing  series  party  lines.  The  dia- 
gram of  connections  of  the  standard  Warner  pole  changer 
is  shown  in  Fig.  24.  The  flat  spring  ^  tends  to  keep  the 
contact  sj)ring  /  against  the  stop  /.  7"  is  a  small  weight 
whose  position  along  the  arm  may  be  varied,  in  order  to 
vary  the  rate  of  vibration  of  the  arm  and  thus  produce  an 
alternating  current  of  the  desired  frequency  at  terminals  mn. 
Enough  cells  are  used  in  the  ringing  battery  R  B  to  give 
from  70  to  80  volts,  usually  requiring  from  forty  to  sixty 
Leclanch^  or  dry  cells,   the   former  being   generally  used 
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for  excbanges  having  over  four  hundred  subscribers,  and  the 
latter  for  four  hundred  or  less  subscribers.  Actual  tests 
show  that  one  rinEine  battery  will  furnish  ringing  current 
for  one  hundred  subscribers  for  18  months,  for  two  hundred 

I  subscribers  for  12  months,  for  three  hundred  subscribers  for 
9  months,  and  for  five  hundred  subscribers  for  6  months. 

I  A  closed-circuit  cell  must  be  used  at  B.  because  it  keeps 


3iS 


I  the  vibrating  arm  in  motion  continuously  when  the  switch  5w 
is  closed.  Only  one  cell,  such  as  an  Edison-Lalande  type  A"*, 
s  required,  and  a  cell  of  this  capacity  will  operate  the  vibra- 
ting arm  continuously  (during  the  day)  for  6  to  8  months. 
This  cell  should  be  placed  near  the  pole  changer  to  which  it 

I  should  be  connected  with  wire  noi  higher  in  resistance  than 

•The  nine  lypes  in  which  Edison-Lalande  cells  are  made  diffw 
I  only  in  shape  or  in  sixe  and  capacity.  They  are  listed  as  follows: 
'  type  J,  jar  3J  in.  X  7J  in.,  60 ampere-hour  capacity,  maximuin  efficient 
[  curreol  2  amperes;  type  Z,  steel  enameled  jar  4)  in.  X  8j  in., 
I  lOO  aropere-bnur  capacity;  type  BB.  porcelain  jar  4|  in,  X  T]  in., 
I  100  ampere-hour  capacity;  type  V,  steel  enameled  jar  5J  in,  X  8  in., 
I  ISO  nrapere-hour  tapacity,  maximum  efficient  current  3  amperes; 
I  type  AA,  steel  enameled  jar  (aliout  same  alsce  as  R),  Wi  ampere-hour 
I  capacity;  lypeQ.  porcelain  jarSj  in.  X  Hin.,  IS(lampere-hiiur capacity, 
I  naxfroum  efficient  current  3  amperes;  type  R.  porcelain  jar  6l  in. 
I  X  10  in..  300  Btnperc-hour  capacity,  maximum  efflcieni  current 
[  4  amperes;  type  S.  porcelain  jar  5}  in.  X  13  in,,  ;!0(l  ampere-hour 
T  capacity,  maximum  efficient  current  6  amperes;  type  W,  porcelain  jar 
I  74  in.  X  IS  in..  liOO  amperu-bour  capacity,  moximnm  efficient  current 
I  7ampere«-  Tliecells  put  upin  steel  enaroelerl  jars  are  liquid-tight  and 
I'  iMDce  portable.    The  working  voltage  is  about  .65  volts. 
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No.  16  B.  &  S.  copper.     The  ringing  batteries  may  be  set  up 
at  any  convenient  place. 

32.  Operation. — When  no  current  flows  from  RB 
through  Ry  the  weight  o  is  adjusted,  so  that  it  will  keep 
the  lever  j  against  the  stop  p,  and  k  is  lifted  off  the  contact 
post  /.  When  the  switch  Sw  is  closed,  current  flows  through 
B-z-w-M-i-{,  thereby  causing  M  to  attract  its  armature, 
which  is  fastened  to  the  vibrating  lever;  as  soon  as  i  parts 
from  /,  the  current  ceases  and  M  releases  its  armature,  thus 
allowing  the  circuit  to  be  closed  again  between  i,  /.  Thus  the 
lever  is  kept  vibrating,  at  about  15  to  20  complete  vibrations 
per  second,  as  long  as  Sw  remains  closed.  When  the 
operator  closes  the  ringing  key,  current  flows  from  -VRB 
through  x-y-a'<-ni-X\Vi&-n-d-b-R  to  —R  B,  which  causes  R 
to  attract  its  armature  and  close  the  circuit  between  k  and  /, 
thus  automatically  connecting  the  condenser  C  across  the 
ringing  leads  w,w  each  time  the  lever  closes  the  circuit 
between  the  line  and  battery  RB.  When  a,b  touch  e^g^ 
respectively,  a  positive  current  or  impulse  flows  from  n 
through  the  line  and  back  to  m\  when  a,  b  touch  Cy  d,  respect- 
ively, a  positive  current  flows  from  m  through  the  Ime  back 
to  iV,  thus  giving,  as  indicated  by  the  plus  ( + )  and  minus  ( — ) 
signs,  practically  an  alternating  current  in  the  ringing,  or 
line,  circuit. 

The  condenser  is  used  for  two  reasons:  first,  to  reduce 
the  sparking  when  the  circuit  is  broken  between  a^e  and  b,g 
or  between  a,c  and  b^d]  second,  to  make  the  alternating- 
current  wave  smoother,  which  it  does  by  absorbing  some  of 
the  first  rush  of  current  when  the  circuit  is  abruptly  made, 
and  gradually  giving  up  its  charge  when  the  circuit  is 
abruptly  broken.  This  reduces  the  induction  that  a  sharply 
made  and  broken  current  would  otherwise  produce  on 
neighboring  circuits.  It  would  not  be  well  to  connect  the 
condenser  permanently  across  the  ringing  leads  w,  n,  because 
the  constant  charging  of  the  condenser  in  alternate  direc- 
tions, when  only  S7v  is  closed,  would  be  a  constant  drain  on 
the  ringing  battery. 
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33.  When  the  contact  springs  are  properly  adjusted,  c,d 
should  be  about  i  inch  away  from  a,  b  when  a,  b  are  moved  to 
ohe  side  until  they  just  touch  the  springs  e,g.  If  the  vibrator 
stops  while  the  switch  Sw  '\%  closed,  it  is  due  either  to  an 
exhausted  battery  at  i?  or  to  a  dirty  or  worn-out  contact  on 
spring  /.  If  the  battery  will  ring  an  ordinary  door  bell,  it 
is  all  right.  If  the  battery  is  all  right,  the  trouble  is  at  the 
contact  I  and  may  usually  be  remedied  by  a  slight  adjust- 
ment of  the  screw  /.  However,  if  the  contact  point  of  /  has 
worn  a  small  dent  in  the  platinum  rivet  on  /,  move  the 
spring  i  so  that  the  contact  point  will  strike  a  new  place  on 
the  rivet;  in  time,  a  new  spring  may  be  necessary.  If  the 
vibrator  works,  but  still  little  .or  no  ringing  current  can  be 
obtained,  either  the  ringing  battery  is  exhausted  or  the 
wiring  or  brushes  c^d,e,g  are  out  of  order.  First,  test  the 
battery;  each  cell  should  ring  an  ordinary  door  bell.  Then 
trace  out  the  wiring,  clean  all  joints,  tighten  binding  posts, 
and  see  that  the  contacts  a,  b  simultaneously  strike  the 
springs  e,g,  also  the  springs  c,d.  If  the  ringing  current 
produces  a  noise  on  lines  with  which  it  is  not  connected,  it 
is  caused  by  too  strong  ringing  batteries,  or  else  the  relay  R 
is  not  working  properly.  The  relay  R  should  pull  down  its 
armature  each  time  a  call  is  made,  and  hold  it  down  only  as 
long  as  the  ringing  continues. 

34.  A  view  of  the  standard  Warner  pole  changer,  with 
similar  parts  lettered  as  in  Fig.  24  and  indicating  also  the 
proper  way  to  connect  it  to  local  and  toll  switchboards  and  to 
the  batteries,  is  shown  in  Fig.  25.  To  determine  the  number 
of  cells  required  for  the  ringing  battery,  start  with  a  small 
number  and  add  cells,  in  series,  until  the  bells  on  the 
longest  lines  and  on  the  party  lines  having  the  greatest 
number  of  telephones  can  be  rung  with  ease.  If  the  cur- 
rent, which  is  determined  in  this  way  to  be  necessary  for 
the  toll  lines,  is  too  strong  for  the  local  lines,  extra  resist- 
ance (preferably  non-inductive)  should  be  inserted  in  the 
ringing  circuits  leading  to  the  local  subscribers*  boards,  as 
shown  at  z.     It  is  also  advisable   to  use  a  buzzer  in  each 
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switchboard  circuit  in  order  not  only  to  indicate  when  lines 
are  open,  for  the  buzzer  will  not  then  ring,  but  especially  to 
prevent   excessive   drain  on  the  rinsine  battery  dae  to  a 


short  circuit  on  the  switchboard  and  line  side  of  the  buzzer, 
which  will  cause  it  to  ring  continuously.  To  prevent 
exhausting  the  batteries,  the  short  circuit  should  be  imme- 
diately removed. 

35.  The  Warner  selective  pole  changer,  a  diagram 
of  which  is  shown  in  Fig.  26,  is  the  same  as  the  standard 
machine,  except  that  it  has  two  extra  contact  pins  v,w  and 
two  extra  springs  x.  u.  When  a  touches  e,  w  touches  k, 
and  b  touches  g,  and  the  switch  Sw  is  closed,  a  positive 
impulse   flows   from    +RB   through   /-/-i-<i-e-«-Une— sub- 
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scriber's  bell-ground  or  line-m,  or  through  a-if-u-z-line- 

subscriber's  bell-ground  or  other  side  of  line  to  m,  then 

through  g-b-R-l'  to  ~RB.     When  a  touches  r,  v  touches  x 

and  b  touches  d.  then  a  positive  impulse  flows  from  -VRB 

through  y-i-(j -<■-;« -ground   or    line-subscriber's    bell-Iine- 

^gt~d—b,  or  from  nt  through  ground,  or  one  side  of  line-sub- 

■icriber'a  hs\\-y-x-v-b,  then  through  R-l'  to   -RB.    Thus. 

Baltemaling  current  may  be  obtained  through  any  circuit  con- 

tiecled  between  m  and  w,  or  between  «  and  the  ground  and 

positive  impulses  only  in  any  circuit  connected  from  z  \.o  m 

or  the  ground,  and  negative  impulses  in    any  circuit   con- 
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nected    from  y  to  m    or  the   ground.     The   selective  pole 
changer,    being  slightly   more  complicated,   is   not   recom- 
mended by  the  makers,  unless  party  lines  requiring  plus  and 
^^Oiinus  pulsating  currents  are  used  or  are  to  be  used  in  the 
^Htuture.     To   prevent    any   harm    from    short    circuits    and 
^^KTOimds.  one  o(l-volt,  I(5-candlepower,  incandescent  lamp  /. /' 
^^BDay  be  connected  in  the  circuit  on  each  side  of  and  near  the 
^Rtaltery  RB.     Then,  even  if  the  battery  or  either  line  wire 
^glbecomes  grounded,  there  will  be  at  least  one  lamp  in  the  cir- 
1       coit  to  prevent  damage.     Although  requiring  more  cells,  the 
lamps  tend  in  make  the  strength  of  current  in  all  circuits 
more  uniform. 
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36.  Illinois,  or  Sandwich,  Pole  Cliangrer, — The  dia- 
gram of  connections  of  the  pole  changer  said  to  have  been 
made  at  one  time  by  the  Illinois  Electric  Specialty  Company 

and  later  by  the  Sandwich 
Pole-Changer  Company,  is 
shown  in  Fig.  27  and  the 
general  appearance  of  the  in- 
strument in  Fig.  28.  The 
mechanism  consists  of  an 
electromagnet  M^  vibrating 
arm  and  contacts,  resist- 
ance R,  and  switch  5. 
When  S  is  closed,  the  mag- 
net M  is  supplied  with  cur- 
rent from  the  closed-circuit 
battery  B  through  the  vibra- 
ting contacts  /, /.  Hence, 
the  magnet  M  will  keep 
the  arm  on  which  the 
springs  e,  i^h^g  are  mounted 
closed.  The  spring  h  merely 
arm.     The  resistance  R 
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vibrating  as  long  as  5  is 
limits  the  forward  motion  of  the 
is  always  in  series  with  the  battery  RB  io  limit  the  strength 
of  the  current,  and  the  condenser  C  is  also  always  connected 
across  the  battery  R  B  and  resistance  R.  In  the  Warner 
pole  changer,  the  condenser  is  connected  across  the  ring- 
ing circuit  by  a  relay  only  when  some  ringing  key  at  the 
switchboard  is  closed  and  ringing  current  is  flowing  through 
some  line  circuit.  Incandescent  lamps  are  used  in  the 
Warner  selective  pole  changer  in  the  same  manner  as  the 
resistance  /?. 


37.  Operation. — When  the  vibrating  arm  is  in  its 
extreme  left  position,  the  connections  are  as  shown  in 
Fig.  29  («),  in  which  three  line  wires  are  also  shown.  It 
will  be  seen  that  a  current  now  flows  from  m  \.o  n  through 
the  complete  metallic  line  1,  from  m  through  ground  and 
line  5,  while  no  current  is  flowing  in  line  2  because  the 


h 


side  of  lines  2  and  3 

I  may  be  connected 
directly  tow.  Thus, 
a  line  connei 

I  across  m.ri  receives 
mpiiises   in 
oib  directions. 

f  praclically  an    aller- 

I  Dating  current  ihat 
will  ring  ordinary 
polarized  be  lis.  a  line 
connected  from  y 
n  or  to  the  ground 
will  receive  negative 

I  current  impulses 
separated  by  periods 
of  equal  length,  dur- 
ing which  no  current 
flows  in  (his  line. 
and  a  line  connected 
from  z  to  M  or  to  the 
ground  will  receive 
positive  current  im- 
pulses separated  by,  periods  of  equal  length,  during  which 
no  current  flows  in  this  line. 

All  the  figures  relating  to  this  pole  changer  are  lettered 
alike  to  assist  in  following  out  the  circuits.  This  pole 
changer  is  usually  mounted  on  a  wall  or  other  vertical  sur- 
face so  that  ihe  vibrating  arm  hangs  down.  By  varying  the 
position  of  a  small  weight  w,  the  frequency  of  the  ringing 
current  can  be  adjusted.     Four  dry  cells  are  required  at  B, 
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just  enough  to  properly  magnetize  the  low-wound  magnet 
J/,  but  sixty-five  or  more  dry  cells  connected  in  series  are 
required  at  7?  ^  in  order  to  furnish  a  strong  enough  ringing 
current  through  the  highest  resistance  line  and  bell  in  use  in 
any  one  exchange. 

38.  By  varying  the  number  of  cells  in  the  open-circuit 
battery  of  the  pole  changers  so  far  described,  the  strength 
of  the  ringing  current  can  be  changed  to  suit  local  conditions. 

In  exchanges  using 


+  « 


i/fffi 
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the  Thompson  four- 
party-line  system, 
which  requires  a 
relay  in  each  instru- 
ment for  connecting 
the  polarized  bell  in 
the  circuit,  it  is  nec- 
essary to  have  two 
rows  of  cells  con- 
nected in  multiple, 
as  four  relays  have 
to  be  operated  in 
addition  to  the  pol- 
arized bell,  thus 
requiring  a  larger 
amount  of  current. 
The  first  cost  of  a 
pole  changer  is  less 
than  that  of  a  good  magneto-generator  with  an  electric  or 
water  motor  to  run  it,  and  the  low  price  at  which  dry  cells 
may  be  bought  makes  the  running  expense  less  than  any 
kind  of  outside  power. 

39.  Malthaner  Generator. — The  Malthaner  g^ener- 
ator  seems  especially  suitable  for  use  in  private  branch 
central-energy  exchanges  that  are  supplied  with  all  current 
through  a  pair  of  wires  from  the  main  exchange.  However, 
it  is  usually  less  trouble  to  supply  the  ringing  current  from 
the  main  exchange  through  a  pair  of  wires;  therefore,  this  is 
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tlie  plan  usually  adopted  unless  there  is  no  extra  pair  of 
Vrires  that  can  be  used  for  this  purpose  and  the  cost  of  a  new 
pair  is  loo  great.  This  generator  can  be  operated  by  con- 
necting it  directly  to  the  battery  terminals.  It  consists  of  a 
targe  coil,  containing  two  windings,  a  primary  and  secondary, 
wound  oD  the  same  soft-iron  core,  and  a  strong,  U-shaped, 
permanent  magnet. 

The  soft-iron  core  and  the  permanent  magnet  form  a 
magnetic  circuit,  broken  at  one  end  by  two  air  gaps 
between  the  end  of  the  core  and  the  two  permanent  mag- 
net pole  pieces.  Across  these  special  shaped  air  gaps,  an 
irmatureof  soft  iron  swings  on  a  pivot;  and  as  it  swings,  it 
Moves  a  spring  back  and  forth  between  two  fixed  contacts. 
Fhe  arrangement  is  such  that  the  motion  of  the  armature 
■everses  the  direction  of  a  current  supplied  from  a  suitable 
>atlery  througl^  the  primary  winding  around  the  soft-iron 
;ore,  thus  reversing  the  polarity  of  the  iron  core  and  the 
swing  of  the  armature,  which  is  therefore  alternately  attracted 
to  and  repelled  from  the  respective  poles  of  the  permanent 
magnet  and  caused  to  vibrate  rapidly.  The  reversal  of  the 
lurrenl  thus  produced  in  the  primary  winding  induces 
D  the  secondary  winding  an  alternating  current  of  proper 
Irequency  and  voltage  for  ringing  ordinary  telephone  bells. 
latent  No.  791,277  was  issued  for  this  ringing  generator  to 
I.  C.  F.  Mallhaner  about  June.  1905. 

40.  Scplbuer  Pole  ChuDKOr. — In  the  Scrlbner  pole 
phangflr  (patent  No,  760,574),  a  condenser  or  high  non- 
faductive  resistance  is  connected,  by  means  of  extra  springs 
Uounted  on  a  vibrating  arm  similar  to  that  used  in  a 
/Earner  pole  changer,  across  the  ringing-battery  circuit  just 
>efore  it  is  made  and  disconnected  just  after  it  is  broken. 
The  sparking  is  thus  reduced  and  the  current  curve  made 
smoother  without  the  extra  relay  used  in  the  Warner  pole 
changer. 

41.  An  Aatoniatle  Pole-ChaiiKcr  Starter. ^An  auto- 
natic  starter  for  a  pole  changer,  which  can  be  thrown  into 
lervice  at  night  when  the  calls  are  few.  saves  unnecessary 
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use  of  the  closed-circuit  batteries.  Since  it  is  difficult  to  call 
parly-line  subscribers,  whose  sisoals  are  distinguished  by 
long  and  short  rings,  by  using  a  hand  generator,  it  is  desira- 
ble, when  the  exchange  possesses  a  pole  changer,  to  also 
use  it  at  night  instead  of  the  hand  generator,  as  is  customary 
in  many  exchanges.  In  Fig.  30  is  shown  an  automatic  pole- 
changer  starter  described  in  the  American  Telephone  Jour- 
nal. At  S  is  shown  a  six-point  circuit  switch  that  it  will 
probably  be  necessary  to  construct.  When  the  night  force  is 
ready  to  assume  duties,  the  chief  operator  should  open  the 
pole-changer  switch  A"  and  close  the  six-point  switch  5, 
thereby  throwing  in  the  automatic  starter  and  the  night-bell 
circuit  at  the  same  time.    When  a  subscriber  rings,  the  shut- 


ter of  his  line  drop  L  falls  and  closes  the  night-bell  circtiit 
containing  the  night  bell  F,  the  special  drop  D,  and  the 
battery  B.  This  will  cause  the  night  bell  to  ring  and  the 
weighted  shutter  of  the  drop  D  to  fall,  thereby  closing 
the  contact  springs  beneath  it.  When  these  springs  are  thus 
closed,  current  from  the  closed-circuit  battery  B  can  flow 
through  and  operate  the  pole  changer,  which  then  supplies 
the  switchboard  with  alternating  or  pulsating  current  for 
ringing  purposes  from  the  battery  R  B. 

After  calling  the  party  wanted  and  ascertaining  that  he 
has  responded,  the  operator  places  the  shutters  of  the  drops  D 
and  L  in  their  normal  position,  thereby  restoring  all  circuits 
to  their  normal  conditions.    The  operator,  in  order  to  secure 
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a  ringing  current  at  any  time,  has  simply  to  let  down  any 
line  drop  L  on  the  switchboard  for  a  second.  Before  leaving 
in  the  morning,  the  operator  in  charge  for  the  night  opens 
the  switch  S  and  closes  switch  K  on  the  pole  changer, 
thereby  leaving  everything  in  condition  to  handle  day  calls. 
The  connections  of  the  pole  changer,  which  are  not  shown 
in  this  figure,  are  assumed  to  be  the  same  as  those  shown  in 
Figs.  24  and  25;  however,  this  starter  may  be  arranged  for 
use  with  almost  any  pole  changer. 


:  in  compara- 
tively small  exchanges,  that  is,  those  exchanges  having  not 
over  four  or  five  hundred  subscribers,  have  been  described. 
Under  ordinary  circumstances,  the  number  of  subscribers 
allotted  to  an  operator  during  the  busy  portion  of  the  day 
does  not  usually  exceed  one  hundred  and  forty;  but  any  one 
of  these  may  desire  a  connection  with  any  other  subscriber 
on  that  same  section,  or  a  connection  with  any  subscriber  on 
any  of  the  other  sections.  When  the  switchboard  comprises 
but  three  or  four  sections,  the  connections  between  sub- 
:ribers  whose  lines  terminate  at  different  sections  are  made 
by  reaching  across  the  face  of  the  boards  with  the  calling 
plug  of  the  pair  used  in  answering  the  call,  and  inserting  it 
in  the  jack  of  the  called  subscriber.  The  extent  to  which 
this  can  be  done  is  limited  by  the  length  of  the  cords,  the 
sizes  of  the  boards,  and  the  reach  of  an  average  operator. 
The  length  of  the  cord  is  necessarily  limited  by  the  height 
ot  the  switchboard  above  the  floor,  unless  some  special 
arrangement  of  pulleys  is  used  for  taking  up  the  slack  in  the 
cords.  Complication  in  the  cord  weights  has,  however,  been 
found  undesirable,  as  the  room  occupied  by  the  cords  is 
usually  crowded,  even  under  the  most  favorable  circum- 
stances, and  the  added  complexity  is  a  great  disadvantage. 
2.  When  the  number  of  sections  becomes  so  great  that 
it  is  not  economical  to  reach  across  with  a  pair  of  cords  in 
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order  to  complete  a  connection,  other  means  must  be  pro- 
vided. One  of  these  is  to  provide  a  system  of  auxiliary 
circuits,  usually  termed  transfer,  or  trunk,  circuits,  run- 
ning between  the  various  sections  of  the  switchboard,  and 
provided  with  means  by  which  the  operator  at  each  end  may 
connect  any  one  of  these  lines  with  the  line  of  a  subscriber. 
The  transfer  lines  thus  serve  as  an  auxiliary  connecting  circuit 
between  two  subscribers'  lines  that  cannot  be  well  connected 
by  a  single  pair  of  plugs  and  cords.  A  switchboard  arranged 
to  operate  on  this  general  principle  is  termed  a  transfer 
switcliboard.  In  transfer  switchboards,  two  operators  are 
required  to  complete  a  connection  between  two  subscribers, 
unless  it  happens  that  the  line  of  the  subscriber  called  for  is 
within  easy  reach  of  the  operator  who  answers  a  particular 
call.  The  term  transfer  switchboard  is  used  in  distinction  to 
multiple  switchboard,  in  which  each  line  is  provided  with  a 
jack  on  each  section  of  the  board,  so  that  any  operator  will 
have  within  reach  a  terminal  socket  for  every  subscriber's 
line  coming  into  that  exchange,  and  will  thus  always  be 
enabled  to  complete  the  connection  between  any  two  sub- 
scribers herself. 

3.  Transfer  switchboards  for  large  exchanges  are  rapidly 
going  out  of  use,  generally  being  replaced  by  central-energy 
multiple  switchboards  or  by  automatic  telephone  systems. 
Where  it  is  necessary,  however,  to  increase  the  capacity  of  a 
simple  non-multiple  switchboard  already  having  three  opera- 
tors' positions,  the  most  economical  way,  as  far  as  first  cost 
is  concerned,  is  to  add  the  necessary  number  of  new  sections 
and  connect  the  various  sections  by  simple  transfer  circuits. 
There  is,  however,  a  limit  beyond  which  it  is  not  desirable 
to  continue  to  increase  the  size  of  an  exchange  in  this 
manner.  Furthermore,  trunk  circuits  are  extensively  used 
between  different  switchboards  located  in  the  same  or  differ- 
ent buildings,  whether  they  be  transfer,  multiple,  or  toll 
switchboards. 
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TRANSFER  CIRCUITS 

4.  Where  there  are  more  than  three  operators'  positions 
I  a  Don-multiple   switchboard,  each   position   usually  has 

i  transfer  circuits  lo  all  non-adjacent  positions,  thereby  pro- 
viding a  means  of  extending  any  subscriber's  line  to  a  remote 
position.  The  operator  before  whom  a  call  originates  is 
Jisually  termed  the  A,  or  orlieluatinf;,  operator,  while  the 

me  completing  the  call  is  termed  the  S,  or  InoomliiK  trunk, 
Bperator.     In  small  transfer  and  some  other  systems,  the 

jame  operator  may  act  as  an  W  operator  in  connection  with 

tae  call  and  as  a  fl  operator  in  connection  with  another  call. 

Either  the  .-/  operator  must  tell  the  B  operator  the  number 

hi  the  desired  subscriber  or  else  the  B  operator  must  ask  the 

Mibscriber  to  repeat  the  number.     The  first  method  is  the 

lore  desirable. 

5.  Two  ways  of  operatmg  transfer  and  trunk  circuits  are 
a  use,     Hoth  operators  may  bridge  their  talking  sets  across 

Jle  transfer  circuit  and  use  it  to  give  and  receive  orders. 
'bis  is  satisfactory  for  small  and  medium-sized  transfer  sys- 
;  but  for  large  systems,  the  number  of  calls  requiring 
Bie  use  of  transfer  or  trunk  circuits  is  so  great  as  to  render  a 
^parate  circuit,  called  an  order  wire,  economical.  One 
prder-wire  circuit  between  several  /I  operators  and  one  B 
erator  may  be  sufficient  for  a  number  of  trunks  from 
ich  A  operator  to  the  same  B  operator. 
\  Communication  between  the  operators  is  then  made  by 
)  of  order-wire  circuils,  into  which  an  operator  may 
witch  her  telephone  sel,  in  order  to  communicate  with  another 
iperator  and  convey  to  her  the  desired  information  concern- 
ing the  subscriber  called  for  and  the  transfer  line  to  be  used. 
I  6.  Simple  Transfer  System. — The  simplest  method  of 
mntDg  transfer  lines  between  the  sections  of  a  switchboard. 
me  that  is  very  often  used,  especially  in  cases  where 
Itchanges  have  become  too  large  to  be  handled  without 
nnsfer  lines,  is  to  run  a  number  of  lines  between  each  of 
fce  boards,  terminating  these  lines  in  spring  jacks  at  each 
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end.  If,  then,  a  subscriber  on  section  No.  1  calls  for  a  sub- 
scriber on  section  No.  7,  the  operator  at  board  No.  1  will 
insert  the  calling:  plug  of  the  pair  used  in  answering  the  call 
into  the  jack  of  the  transfer  line  leading  to  section  Na.  7, 
and  notify  the  operator  at  No.  7  of  the  connection  desired. 
The  operator  at  section  No.  7  will  then  insert  the  answering 
plug  of  a  pair  into  the  jack  at  the  other  end  of  the  transfer 
line  used,  and  the  corresponding  calling  plug  into  the  jack 
of  the  subscriber  called  for.  The  connection  will  then  be 
established  between  the  two  subscribers  by  means  of  a  pair 
of  plugs  at  section  No.  i,  the  transfer  line  itself,  and  a 
pair  of  plugs  at  section  No.  2.  It  is  evident  that  this  con- 
nection is  eflEected  through  the  use  of  four  plugs  and  four 
jacks.  In  more  improved  systems,  the  number  of  plugs  and 
jacks  used  in  making  such  a  connection  is  reduced  some- 
times to  three,  and  even  to  two. 

When  each  end  of  a  transfer  circuit  is  similarly  equipped, 
say  with  a  jack  and  a  signal  that  may  act  as  a  call  and 
disconnect  signal,  the  trunk  may  be  used  in  either  direction; 
such  a  circuit  is  called  a  two-way  trunks  or  transfer  circuit. 
When  a  trunk  circuit  is  equipped  so  that  it  can  be  used  in 
only  one  direction,  say  with  a  jack  at  the  A  operator's  posi- 
tion and  a  plug  and  proper  signal  at  the  B  operator's  end, 
it  is  called  a  one-way  trunk,  or  transfer  circuit. 


TWO-WAY    TRANSFER    CIRCUITS 

7.     JLamp-Signal  Transfer  Circuits. — Small,  or  min- 
iature,   incandescent    lamps    are    now    extensively   used    as 

signals    in    telephone    switchboard    circuits.      In    Fig.    1    is 
^ ^ ^ 
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shown  a  two-way  lamp-si|2rnal  transfer  circuit  suitable 
for   use    with    magneto-switchboards.       It   terminates    in    a 
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small,  incandescent,  5-volt  lamp  L  and  jack  J  aX  esch  end. 
tf  is  a  10-voIi  battery  of  primary  or  storage  cells.  Both 
lumps  /-,  /.'  are  out  when  there  is  no  plug  in  either  jack  or 
With  plugs  in  both  jacks. 

The  operator  receiving  the  call  answers  in  the  regular  way, 
Ud,  after  ascertaining  the  party  wanted,  inserts  a  plug  in  the 
transfer  circuit  leading  to  the  position  in  which  the  jack  of 
Ibe  wanted  subscriber  appears.  This  act  lights  a  lamp  at  both 
ends  of  the  transfer  circuit,  the  one  in  the  remote  position 
(terving  as  a  signal  for  the  second  operator,  who  answers  and 
completes  the  connection  between  the  two  subscribers.  For 
bstance,  when  a  plug  is  inserted  in  jack  J.  current  flows 
Birough  B~t~i~L-L'-m-n-B.  thus  lighting  both  lamps. 
When  the  second  operator  answers,  by  inserting  a  plug  in  J', 
Qie  lamp  cireuit  is  opened  between  m  and  n  and  both  transfer 
lamps  are  extinguished.  The  subscribers  ring  off  in  the 
regular  way,  operating  clearing-out  drops  in  both  positions. 
When  either  operator  pulls  down  the  connecting  cords,  both 
tignal  lamps  of  the  transfer  circuit  illuminate  and  remain  in 
this  condition  until  the  other  operator  disconnects,  when  both 
lamps  will  be  extinguished.  Thus  the  lamps  serve  as  a  check 
each  operator's  action  and  prevent  any  possible  "tying 
^p"  of  the  connected  subscribers  on  the  transfer  circuit. 

The  dotted  lines  in  this  and  the  following  two  figures  rep- 
resent conductors  that  may  be  used  as  common  leads  to 
similar  points  in  all  similar  transfer  circuits. 


8.  I^ampB  In  Parallel. — tn  the  transfer  circuit  jnst 
described,  the  two  lamps  are  in  series  and  the  voltage 
required  for  each  lamp  is  half  that  of  the  battery.  A  slightly 
different  arrangement,  whereby  the  lamps  are  in  parallel  cir- 
cuits, is  shown  in  Fig.  2.     Lamps  of  the  same  voltage  as 
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the  battery  and  an  extra  wire,  six  in  all,  are  required  for  this 
arrangement,  which  operates  in  exactly  the  same  manner. 
When  a  ping  is  in  J,  current  flows  through  B-L^  Z.'(in  paral- 
lel )-^-/-w-«-^.  When  plugs  are  in  both  jacks,  the  battery 
is  cut  off  at  Vyfi,  The  Kellogg  Switchboard  and  Supply 
Company  use  a  transfer  circuit  in  connection  with  theii 
express  switchboards  that  is  practically  the  same  as  the  one 
shown  in  this  figure. 

9.  Lamps  and  jacks  for  transfer  circuits  are  frequently 
made  in  strips  of  five,  and  are  mounted  just  below  the  line 
drops  and  jacks.  The  current  for  10-volt  transfer  lamps  may 
be  obtained  from  seven  standard  Fuller  cells.  A  suitable 
number  of  transfer  circuits  would  be  five  between  each  posi- 
tion and  every  other  non-adjacent  position,  this  would  make 
fifty  trunks  having  twenty  transfer  jacks  and  signals  at  each 
end  position  and  fifteen  at  each  intermediate  position  on  a 
six-section  board  of  about  one  hundred  subscribers'  lines 
each.  The  same  total  number  of  transfer  circuits  would 
allow  about  four  between  non-adjacent  positions  for  a  seven- 
section  board. 

10.  Two-way  transfer  circuits  can  be  used  in  either  direc- 
tion and  furthermore  no  order-wire  circuits  are  required, 
because  the  operator  can  converse  over  the  transfer  circuit 
to  be  used.  A  two-way  transfer  circuit  usually  has  the  dis- 
advantage of  requiring  the  second  operator  to  ring  up  the 
desired  subscriber,  instead  of  leaving  the  entire  supervision 
of  the  call  to  the  first  operator,  and  in  using  two  complete 
cord  circuits  in  the  completed  connection. 


ONE-WAY    TRANSFER    CIRCUITS 

11.  Laitip-Sigrnal  Circuit. — The  one-way  lamp-slgr- 
nal  trausfer  circuit,  shown  in  Fig.  3,  eliminates  the  dis- 
advantages of  the  two-way  circuit,  but  can  only  be  used  in 
one  direction,  thus  necessitating  more  transfer  circuits  and 
requiring  an  order-wire  circuit  between  all  non-adjacent 
operators   for    ordering    up    connections.     The    order-wire 
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circuit  is  not  shown  here.  The  outgoing,  or  originating,  end 
of  the  transfer  circuit  is  provided  with  a  spring  jack  J,  while 
the  connecting  end  is  provided  with  a  cord  and  plug  P,  a 
disconnect  lamp  Z,  and  a  plug-seat  switch  S,  In  niaking 
transfer  connections,  the  originating  operator  presses  the 
order-wire  key  (not  shown  in  this  figure);  this  will  connect 
her  talking  circuit  directly  with  that  of  the  operator  at  whose 
position  such  line  terminates.  Either  operator  may  specify 
the  transfer  circuit  to  be  used,  depending  on  the  system  in 
vogue:  in  either  case  the  second  operator  simply  inserts  the 
transfer  plug  P  into  the  required  line  jack,  and  the  origi- 
nating operator  rings  the  subscriber  and  has  direct  super- 
vision of  both  parties.     When  the  first  operator  pulls  down 


E 


::^ 


Fig.  3 

the  cord  circuit,  the  local  contact  c  of  the  outgoing  transfer 
jack  y  will  be  closed,  causing  the  disconnect  lamp  L  at  the 
second  operator's  position  to  light.  The  dropping  of  the 
transfer  plug  P  into  its  seat  opens  the  switch  5*,  thereby  extin- 
guishing the  disconnect  lamp. 

If  a  lamp  signal  that  will  work  in  unison  with  the  lamp  L 
is  desired  at  the  originating  end,  it  is  only  necessary  to 
insert  a  5-volt  lamp  in  series  with  L  a,t  the  point  dy  a  5-volt 
lamp  also  being  used  at  L\  that  is,  the  battery  B  must  give 
twice  the  voltage  of  either  lamp.  From  the  operating  stand- 
point, one-way  transfer  circuits  are  the  most  efficient  of 
the  two,  although  the  first  cost  is  greater  because  more  are 
required. 

12.  Where  one  end  of  a  transfer  circuit  terminates  in  a 
plugrand-lamp  signal,  these  parts  are  often  arranged  on  the 
key  shelf  of  a  switchboard,  as  shown  in  Fig.  4.     In  the  back 
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row  are  the  answering  plugs  a;  in  the  second  row,  the  calling 
plugs  f-  of  the  regular  operator's  cord  circuits;  tn  the  third 
row,  the  transfer  plugs  /;  and  id  front  of  each  transfer  plug 
is  the  corresponding  disconnect  lamp  signal  s.     At  d,d  are 


caps  covering  holes  for  transfer  plugs  not  yet  required.  The 
lamps  are  covered  with  glass  opals  and  metal  guards.  At 
0,0  are  shown  two  order-wire  keys,  which  operate  like  ordi- 
nary push  buttons. 


-t»i- 


^^' 


13.     The    Cook,    or   Cook-Beach,   transfer    circuit, 

which  is  considerably  used  by  some  of  the  Bell  companies  and 
the  Sterling  Electric  Company  with  magneto-switchboar-ds,  is 
shown  in  Fig.  5.     If  a  call  is  received  at  a  certain  section, 
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lay  section  /,  for  a  connection  that  is  out  of  reach  of  the 
C^operator  at  that  section,  she  inserts  a  plug  in  the  transfer 
jack  J.  As  the  plug  slides  into  the  jack,  the  tip  touches  and 
momentarily  connects  together  the  two  springs  a.c.  thereby 
closing  the  circuit  of  the  battery  B  through  the  drop  D,  and 
giving  the  signal  to  the  operator  at  the  seclion  where  the 
called-for  subscriber's  line  terminates  in  a  jack,  say  section  S. 

)Al  the  same  lime,  the  operator  presses  an  order-wire  button 
opposite  the  jack  /,  but  not  shown  in  this  figure.  This  con- 
beets  together  the  telephone  circuits  of  the  operators  al  sec- 
Hons  i  and  3.  The  number  called  for  is  then  given  by  the 
first  operator  and  is  received  through  the  order-wire  circuit 
fey  the  other  operator. 
After  the  tip  of  the  plug  passes  the  two  springs  a,c,  it  not 
only  makes  electrical  contact  with  m,  but  pushes  the  two 
springs  w,  n  farther  apart,  thereby  separating  the  springs  a,  c, 

I so  that  they  do  not  touch  any  part  of  the  plug  and  also  sepa- 

r  from  e.  This  position  of  the  plug  and  springs  is 
iRliown  at  (i).  The  tip  of  the  spring  n  is  provided  with  a 
of  insulating  material  to  prevent  electrical  contact 
letween  the  spring  v  and  the  tip  of  the  plug.  The  plug  at 
iisection  l  is  now  connected  through  sleeve  s  and  spring  «. 
I'directly  with  the  plug  P. 


14.     The  second  operator,  seeing  the  shutter  of  the  drop  D 

I'down,  picks  up  the  plug  P  corresponding  to  it  and  inserts  it 

into  the  desired  subscriber's  jack  and  restores  the  shutter 

The  first  operator  then  rings  the  bell  of  the  desired 
I  subscriber;  the  two  subscribers  can  now  converse  through 
ftone  transfer  and  one  cord  circuit.  When  either  subscriber 
pings  off,  the  clearing-out  drop  in  the  cord  circuit  at  section  / 
irill  operate,  thus  notifying  the  operator  at  that  section  to 
jdisconnect.  When  she  removes  the  plug  from  the  jack  J. 
springs  a,r,  being  momentarily  connected  together 
fpgain,  operate  the  drop  D.  thus  notifying  the  operator  at 
kection  3  to  remove  the  transfer  plug  P  from  the  subscriber's 
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16«  It  sometimes  happens  in  transfer  systems  that  after 
ringing:  off  or  before  the  conversation  is  finished,  the  con- 
nection between  the  two  subscribers  is  broken  at  one  of  the 
boards  only.  This  may  leave  the  other  subscriber's  line 
without  an  available  signal,  so  that  that  subscriber  cannot 
attract  the  attention  of  the  operator,  no  matter  how  much  he 
may  ring.  Such  a  condition  as  this  might  exist  if  the  drop  D 
failed  to  operate  when  the  operator  at  section  1  removed  the 
plug  from  jack  J.  The  subscriber's  drop  at  section  3  would 
be  cut  out  at  his  line  jack  by  the  plug  P  and  he  would  have 
no  means  of  calling  central.  A  line  in  this  condition  is 
usually  said  to  be  tied  up  or  hung  up. 

In  order  to  provide  against  this,  the  Cook  system  pro- 
vides a  drop  Dh  for  each  transfer  circuit.  The  current 
that  operates  Dh  flows  from  the  subscriber's  generator 
through  the  tip  of  plug  /'-springs  ^,  v-drop  Z? //-spring  c- 
contact  ^-sleeve  of  plug  /'-generator.  When  the  shutter  of 
a  hang-up  drop  falls,  the  operator  inserts  one  of  her  ordinary 
answering  plugs  in  the  hang-up  jack  Jh  and  inquires,  **Who 
called."  When  told,  she  withdraws  the  plug  and  makes  the 
connection  called  for. 

In  case  the  shutter  D  does  not  fall,  the  trouble  is  usually 
due  to  poor  contact  with  springs  a,c^  to  defective  battery,  or 
to  a  bad  drop,  li  Dh  does  not  work,  look  for  the  trouble  in  the 
jack  y,  at  contacts  c  or  e,  or  in  the  drop  itself.  As  D  h  is 
bridged  across  the  circuit  of  the  jack  Jh^  this  drop  should 
have  a  high  impedance,  so  as  not  to  interfere  with  trans- 
mission when  talking  through  the  trunk  circuit. 
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TRUNK    CIRCUITS    BETWEEN 
EXCHANGES 

I  16.  Transfer  circuits  of  the  character  so  far  described 
Be  simple,  efficient,  and  suitable  for  small  transfer  systems; 
,  they  require  a  complicated  jack  and  four  or  more  wires, 
^or  a  few  transfer  circuits  short  in  length  these  disadvan- 
tages are  not  important;  but  for  long  transfer  circuits,  gen- 
erally called  Irunks,  the  first  cost  and  maintenance  of  so 
many  wires  for  a  single  circuit  is  prohibitive  and  has  led  to 
Lher  arrangements. 

17.  The  principle  of  operation  of  so-called  reverse-call 
irunklDg;  systt^ms,  nowextensivelyemployed  betweenlarge 
Exchanges,  will  be  explained  by  the  aid  of   Fig.  6.     The 


1 


X) 


'HO^ 


•Bnk  ends  in  a  jack  /  at  the  A  board  and  in  a  plug  T  at 
the  B  board.  If  any  A  operator  receives  a  call  for  a  line 
out  of  her  reach,  she  touches  the  button  A"  of  an  order  wire 
that  extends  to  a  5  operator  before  whom  the  desired  line 
appears.  For  a  moment,  the  A  operator  listens  to  determine 
if  any  other  A  operator  is  speaking;  when  she  finds  the  cir- 
cuit clear,  she  speaks  the  number  of  the  subscriber  desired. 
Where  records  are  kept  of  such  connections,  the  A  operator 
states  the  numbers  of  the  calling  and  called-for  subscribers, 
thus  86  to  915,  and  one  or  both  operators  keep  full  records 
of  such  connections.     The  S  operator  replies  by  speaking 
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the  number  of  an  idle  trunk  that  the  A  operator  is  to  use. 
The  A  operator  then  inserts  her  calling:  plug  P  in  the  trunk 
jack  y,  designated  by  the  B  operator,  which  usually  operates 
a  signal  at  the  B  end  of  the  trunk.  The  B  operator  then 
inserts  the  same  numbered  incoming  trunk  plug  7"  into  the 
jack  M  of  the  desired  subscriber's  line.  The  whole  opera- 
tion is  completed  in  2  or  3  seconds. 

The  same  method  may  be  used  for  clearing  out;  that  is, 
when  the  subscribers'  disconnect  signals  appear,  either 
operator  may  use  a  call  wire  to  order  the  other  to  discon- 
nect. But  a  less  confusing  and  better  method  that  is  now 
generally  used  consists  in  equipping  trunk  lines  with  dis- 
connect signals  so  arranged  that  when  an  A  operator,  who 
alone  receives  the  disconnect  signal,  removes  a  plug  from  a 
trunk  jack,  a  signal  is  automatically  given  to  the  B  operator 
to  disconnect.  *      

ORDER-WIKE  CIRCUITS 

18.  Order-'wlre  circuits  are  used  in  conaection  with 
transfer,  or  trunk,  circuits  between  different  sections  of  the 
same  transfer  switchboard  and  also  between  entirely  separate 
switchboards.  An  order-wire  circuit  usually  extends  from 
across  the  secondary  and  receiver  circuit  oi  sl  B  operator 
to  the  normally  open  contacts  of  several  keys  located  before 
as  many  A  operators.  Any  A  operator,  by  closing  her  key, 
can  always  talk  directly  to  the  B  operator.  A  similar  cir- 
cuit may  connect  the  same  two  positions  in  the  opposite 
direction.  As  there  are  one-way  and  two-way  trunk  circuits, 
so  there  are  one-way  and  two-way  order-wire  circuits. 


ONE-WAT    ORDER-VTIRE    CIRCUIT 

19.     In  Fig.  7  is  shown  a  one-vi^ay  order-wire  circuit 

suitable  for  use  with  almost  any  kind  of  trunk  circuits. 

Where  there  are  many  sections,  the  same  order- wire  cir- 
cuit may  have  a  number  of  keys  located  at  different  sections 
bridged  across  it,  as  shown  in  this  figure.  Thus,  a  number  of 
operators  have  access  to  the  same  operator  through  the  same 
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order-wire  circuit.  There  is  nothing  to  prevent  two  or  more 
A  operators  from  coming  in  at  the  same  time  on  the  same 
order  wire,  except  their  own  common  sense  and  good  judg- 
ment. The  A  operators  are  instructed  to  listen  in  to  deter- 
mine whether  the  order  wire  is  clear,  before  speaking  to  the 
B  operator.    It  might  appear  that  utter  confusion  would  result, 


hcTk.qperafor 
BBomf 


but  experienced  operators  find  no  difficulty  with  the  system. 
Each  operator  must  refrain  from  interrupting  another,  just 
as  they  would  do  if  engaged  in  conversation  face  to  face. 

20.     In  Fig.  8  is  represented  the  arrangement  of  order- 
wire  circuits  for  a  six-section  transfer  switchboard,  one  line 


I  ^€c front 
Ord^  Wire  /  ^^ 

On^WjhfSo— 


S^effone 


Of^^trW/hf4  o- 


On^frm^So- 


0^^lirm>96o- 


\ 


Section  J 


Section  ^ 


Sectt'on  S 


Secffcn^ 


Pio.  8 

being  used  to  represent  a  complete  circuit.  The  small 
crosses  represent  operators'  receiver  circuits,  one  being  per- 
manently bridged  across  each  order  wire.  Each  order  wire 
has  connected  across  it  an  order-wire  key,  represented  by  the 
small  circles,  at  each  operator's  position  that  is  not  adjacent 
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to  the  position  where  the  receiver  circuit  is  bridged  across  it. 
Thus,  each  end  position  requires  four  and  each  other  position 
requires  three  order-wire  keys.  By  this  arrangement,  each 
operator  can  talk  to  any  other  operator  at  non-adjacent  posi- 
tions through  an  order-wire  circuit.  Since  an  operator  can 
reach  over  and  complete  connections  on  adjacent  sections,  no 
means  of  communication  with 'adjacent  operators  is'  required. 


TWO-WAT    ORDER-WIRE    CIRCUIT 

21.     The    two-way    order-wire    circuit,    shown    in 
Fig.  9,  which  was  designed  and  described  by  J.  B.  Middleton, 


reQpfa/ari  Srt  I 


in  the  American  Telephone  Journal,  is  said  to  have  proved 
satisfactory  between  a  multiple   switchboard  and  a  branch 


exchange.     A  relay  is  required  at  each  end,  and  if  the  sys- 
tem is  not  a  common-battery  one,  dry  batteries  will  serve 
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le  purpose,  provided  both  batteries  have  about  the  same 
Dltaj^e.  The  batteries  and  relays  are  at  the  centers  of  the 
ipealing  coils,  and  hence  the  system  is  well  balanced. 
The  operation  of  the  circuit  is  as  follows:  Normally,  the 
atteries  oppose  each  other,  and  therefore  no  current  flows 
irough  the  relays  r.r'.  If  either  of  the  keys  k,k'  is 
ressed,  the  two  batteries  will  be  connected  in  parallel  and 
;urrent  from  both  batteries  will  flow  through  the  closed  key, 
lausing  the  armatures  of  both  relays  r,  r'  to  be  attracted. 
'his  will  cut  the  operators"  telephone  sets  into  the  circuit 
hrough  the  repeating  coils.  As  there  are  no  grounds  on 
ny  part  of  this  order-wire  circuit,  it  will  be  free  from 
tarth  currents, 

22.  Order-wire  keys  are  usually  made  single  or  in 
^onps  of  five  or  ten.  In  Fig.  10  is  a  single  order-wire  key 
ind  in  Fig.  II  a  row  of  ten  made  by  the  Kellogg  Switch- 
yard and  Supply  Company.  The  latter  are  provided  with 
emovable  number  caps,  as  shown. 


THE  MLTLTIPLE  8WITCHBOAHD 


MAIN    FEATURES 

.  la  the  multiple  switchboard,  transfer,  or  trunk, 
between  the  operators  are  dispensed  with,  the  primary 
ibject  of  the  system  being  to  so  arrange  the  apparatus  that 
iny  operator  can  connect  the  line  of  a  calling  subscriber  with 
bat  of  any  other  subscriber  whose  line  terminates  in  the 
ame  exchange  without  the  aid  of  another  operator.  The 
iDtire  board  is  divided  into  sections,  each  usually  containing 
rorking  room  for  three  operators,  and  on  each  section  is 
placed,  besides  the  annunciators  and  jacks  of  the  lines,  the 
lalls  of  which  are  to  be  attended  to  at  that  section,  the  jacks 
!onoected  with  every  other  line  in  the  exchange.  The  num- 
»er  of  line  signals  placed  on  one  section  varies  from  200  to 
MO,  depending  on  the  type  of  switchboard  and  olher  condi- 
ions.     Id  an  exchange  having  5,000  subscribers,  it  follows 
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that  twenty-five  sections  of  board,  each  having  two  hundred 
line  signals,  would  be  necessary.  Associated  with  each  line 
signal  is  an  answering  jack,  into  which  the  operator  inserts 
an  answering  plug,  in  order  to  connect  her  telephone  with 
a  line  on  which  a  call  is  indicated. 

24.  It  is  common  practice  in  large  cities  to  divide  each 
section  into  three  operators'  positions,  with  an  operator  at 
each  position  during  the  busy  part  of  the  day.  Each  opera- 
tor can  reach  over  one  division  on  each  side  of  her  own. 

In  the  branching  switchboard  made  by  the  Western  Elec- 
tric Company,  there  are  fifteen  pair  of  plugs,  one  listen- 
ing and  two  ringing  keys  for  each  plug  circuit,  and  a  jack 
for  each  subscriber's  line  entering  the  exchange  at  each 
operator's  position.  Room  is  provided  for  one  hundred 
annunciators  and  the  corresponding  answering  jacks  at  each 
position,  although  seldom  more  than  sixty  to  seventy-five 
are  installed  and  in  use. 

On  the  central-energy  multiple  switchboards  of  the  Bell 
Company,  each  operator  attends  to  the  lines  of  140  to 
180  subscribers,  a  great  increase  ovA  the  customary  num- 
ber per  operator's  position,  even  with  the  self -restoring 
annunciator  board,  which  runs  from  sixty  to  seventy-five. 
With  the  central-energy  board,  the  supervision  over  the 
lines  in  use  and  the  number  of  movements  required  of  each 
operator  is  considerably  reduced,  thus  reducing  the  cost  of 
operation  as  well  as  the  initial  cost  of  the  switchboard  by 
being  able  to  reduce  the  total  number  of  sections  almost 
one-half. 

25.  In  multiple  switchboards,  the  answering  jack  is 
invariably  placed  directly  over  or  under  the  line  signal.  In 
order  to  have  the  multiple  jacks  complete  and  arranged  the 
same  at  each  section,  it  is  considered  best  to  have,  in  addi- 
tion to  the  answering  jack,  a  jack  associated  with  the  same 
line  but  located  in  its  regular  position  among  the  multiple 
jacks,  which  are  usually  placed  above  the  answering  jacks 
and  line  signals.  Therefore,  at  the  section  where  a  certain 
line  signal  is  located,  there  are  two  jacks  associated  with  that 
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.     In  other  words,  each  answering  jack  is  duplicated  in 

muUiple  portion.     Hence,  if  there  are  420  line  signals  to 

lection,  there  will  be  420  more  jacks  at  each  section  than 

•re  are  line  circuits  coming  to  the  whole  switchboard,  and 

:h  line  will  have  one  more  jack  than  there  are  sections  to 

the  switchboard.     In  addition  to  the  multiple  and  answering 

jacks,  others  are  required  for  trunk  lines  to  other  parts  ot 

the  exchange. 

■  26.  Hnltlplleity  ot  Jacks. — In  order  that  a  jack  con- 
Mcted  with  every  line  in  the  exchange  may  be  within  the 
Teach  of  every  operator,  it  follows  that  there  must  be  a 
separate  jack  on  every  one  of  the  sections  for  every  one 
of  the  lines.     Thus,  if  there  are  5,000  lines  on  a  25-section 

Iiwitch board,  on  each  section  having  200  answering  jacks 
here  will  be  a  total  of  5.200  jacks,  making  a  grand  total 
or  the  entire  exchange  of  130,000  spring  jacks.  When  it 
3  considered  that  in  modem  exchanges  the  connection  of 
each  of  these  jacks  involves  the  making  of  five  or  more 
soldered  connections,  and  that  the  wire  and  other  materials 
and  apparatus  necessary  are  increased  accordingly,  it  will  be 
appreciated  that  the  increase  in  expense  over  the  transfer 
system  is  enormous.  It  may  be  slated  that  this  increased 
:pense  has  in  most  cases  seemed  justifiable  in  the  best 
changes  the  wor'.d  over,  in  view  of  the  greatly  increased 
iciency  of  service. 

27,  An  idea  of  the  general  plan  of  a  multiple  switch- 
board may  be  obtained  from  the  simple  diagram  shown  in 
Fig.  12,  in  which  L.L',  and  L"  represent  three  subscribers* 
lines,  each  passing  through  jacks  /,/,  and  /'  on  the  various 
sections  yl,  B,  and  Cof  a  multiple  board,  The  drop  D  and 
answering  jack  J  ot  line  L  are  located  at  section  /f,  and,  in 
like  manner,  the  lines  L'  and  L"  are  equipped  with  answering 
jacks  J'  and  J"  and  drops  /y  and  D"  at  sections  S  and  C. 
respectively.  If  the  subscriber  /,  sends  in  a  call,  his  drop  D 
will  attract  the  attention  ot  an  operator  at  section  -■!.  who  will 
answer  it  by  inserting  one  plug  of  a  pair  into  the  answer- 
ine  jack  J  at  that  section,  and  finding  that  the  connection 
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desired  is  with  line  U  or  Z,",  will  insert  the  remaining: 
plug  of  the  pair  into  the  jack  /'  or  /"  of  the  line  wanted. 
It  is  not  difficult  to  understand  that  inasmuch  as  every  line 
throughout  the  whole  exchange  is  provided  with  a  jack  on 
section  A  and  on  every  other  section  also,  the  operator  at  A 
will  have  means  within  her  own  reach  of  connecting  the 
line  L  of  the  calling  subscriber  with  any  other  subscriber's 
line  coming  into  that  exchange. 


28.  The  Busy  Test. — In  order  to  understand  the  neces- 
sity for  a  busy  test  in  multiple-switchboard  systems,  assume 
the  lines  L  and  L'  to  be  connected  together  at  the  central 
office,  as  just  described.  Suppose  that  while  they  are  so 
connected,  subscriber  L'^  sends  in  a  call.  His  drop  D"  at 
section  C  will  be  thrown,  and  the  operator  at  that  section 
will  place  herself  in  communication  with  him  by  inserting 
the  answering  plug  of  a  pair  into  the  answering  jack  J"  of 
his  line.  Suppose,  further,  that  this  subscriber  desires  to  be 
connected  with  line  V,  It  is  evident  that  the  operator  at 
section  C  will,  unless  special  means  are  provided,  have  no 
means  of  knowing  that  the  line  L'  is  already  connected  with 
another  line  at  another  section  of  the  board.     Should  she. 
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lerefore,  connect  the  line  L"  with  the  line  L' ,  the  three  sub- 
icribers  would  l>e  connected  together  and  much  confusion 
krouM  result.  In  order  in  prevent  an  operator  from  making 
connection  with  a  line  which  is  already  in  use  at  another 
board,  there  is  employed  the  so-called  busy  test,  which 
iornis  an  essential  feature  in  every  multiple  switchboard. 

29.  The  test  for  a  busy  line  is  usually  performed  by  the 
[Operator  applying  the  tip  of  the  calling  plug  of  a  pair,  or  test 
iHug,  as  they  are  termed  in  multiple  switchboards,  to  the 
tiiimble  of  the  jack  of  the  subscriber  called  for.  If  the  line 
is  busy,  she  will  hear  a  click  in  her  telephone,  while  if  it  is 
free  or  disengaged,  silence  will  inform  her  to  that  effect. 
In  some  exchanges,  this  order  is  reversed,  a  click  indicating 
\  free  line  and  silence  a  busy  one,  but  this  is  unusual.  The 
letails  of  the  busy  test  can  only  be  understood  in  connection 

Sfith  the  complete  circuits  of  a  multiple  switchboard. 

THE  8EKIES-MUl,TlPr.E  BOARD 

30.  circuits. — In  Fig.  13  is  shown  diagrammaticaliy 
Ehree  line  circuits  passing  through  sections  of  a  multiple 
board.  If  there  are  200  annunciators  and  corresponding 
answering  jacks  at  each  section,  the  annunciator  Dl  and 
answering  jack  /,  for  the  line  1  would  be  located  at  sec- 
tion 1;  annunciator  D  201  and  its  corresponding  answering 

;  20J  at  section  2,  and  so  on,  as  shown  in  the  figure. 
course,  there  would  be  100  more  annunciators  and 
answering  jacks  at  each  section,  and,  in  addition,  one  jack 
tor  each  line  coming  into  the  exchange  at  every  section. 
For  the  sake  of  clearness,  only  three  lines  are  shown. 
Bach  an  arrangement  of  circuits  as  that  shown  in  Fig.  13 
i«presenls  what  is  termed  the  scrles-nmltlple  board,  the 
srm  series  being  derived  from  the  peculiar  way  in  which 
lie  lines  pass  through  the  spring  jacks  at  the  various  sec- 
ions.  The  side  /  of  the  line  1  passes  lo  the  line  spring  a  of 
le  spring  jack  at  section  1,  thence  to  the  anvil  c  on  which 
ilis  spring  rests,  and  by  a  continuation  of  the  line  wire  to 
B  spring  a„  and  to  anvil  c,  of  the  jack  at  section  2,  and  so 
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1  through  a  jack  at  each  section  to  one  side  of  the  line 

irop  Dl.      The  other  side  t  of  the  line  passes  unbroken 

prough  each  section  of  the  board  to  the  other  terminal  of 

J  drop,  and  is  connected  with  the  sleeve  contact  b  of  each 

tck  belonging  to  that  line.      One  pair  of  operator's  plugs 

ionnected  by  a  cord  circuit  is  shown  in  this  figure  at  each 

tection.     The  cord  circuit  is  greatly  simplified  in  order   to 

llustrate  the  principles  rather  than  the  actual  arrangement 

f  parts.     The  sleeve  side  of  the  cord  circuit,  at  section  /, 

for  instance,  is  connected  through  an  impedance  coil   /,  to 

me  terminal  of  a  test  battery  D,,  the  other  terminal  of  which 

grounded.      The   operator's  telephone   set  R^  is  repre- 

Knted  as  connected  across  the  cord  circuit  with  its  center 

[rounded. 

When  a  subscriber  (say  No.  7}  sends  in  a  call,  the  current 

"om  his  generator  passes  over  the  line  wire  /  to  the  springs 

f  the  first  jack,  then  to  the  anvil  c  and  to  the  spring  a,  of 

;  second  jack,  and  so  on  through  the  drop  Dl  and  back  to 

;  subscriber's  station  over  the  line  I,  called  the  tnt  side 

'  the   line  /.     This  operates  the  drnp,  and  the  operator 

inswers  in  the  usual  manner.     The  insertion  of  the  plug  into 

the  jack  raises  the  spring  a  from  its  anvil,  and  thereby  cuts 

f  that  portion  of  the  line  circuit  that  passes  through  the 

icceeding  sections~and  the  drop;  and  at  the  same  time,  by 

means  of  the  thimble  b  and  the  spring  a,  the  two  sides  of  the 

\  circuit  are  connected,  respectively,  with  the  two  sides 

Af  the  line. 


31.  Test. — At  each  of  the  three  sections  of  the  multiple 
nard  shown  in  Fig.  13  are  located  the  annunciator,  and 
Alongside  of  it  the  answering  jack  of  one  subscriber,  and  of 
nirse  one  jack  for  each  of  the  other  two  subscribers.  It 
mbscriber  No.  Ml  turns  his  generator,  his  drop  D  iOl 
tcated  at  section  .?  falls,  and  the  operator  there  inserts  the 
mswering  plug  /".  into  his  answering  jacky.  JOJ.  If  sub- 
fiber  No.  401  asks  for  No.  201,  the  operator,  finding  that 
be  301  is  not  already  engaged,  by  a  lest  to  be  presently 
:plsioed,  inserts  the  other  plug  P"  of  the  same  pair  into 
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the  jack  J'"  201  of  that  line,  which  is  at  her  section  of  the 
l;>oard,  and  the  connection  is  completed.  The  calling^  is  done, 
in  the  ordinary  manner,  by  sending  a  current  from  a  gener- 
a  tor  through  line  201. 

The  test  to  find  out  whether  or  not  a  line  is  busy  is  per- 
formed by  the  operator  touching  the  tip  of  the  calling  or  test 
plug  to  the  thimble  b  of  the  jack  with  which  she  desires  to 
make  connection.  Suppose  that  line  401  is  connected  with 
line  201  at  section  3  by  the  cord  circuit  and  plugs,  as  shown 
at  section  3,  Fig.  13.  It  is  evident  that  one  terminal  of  the 
test  battery  B^  will  be  connected  through  coil  /„  sleeve 
of  the  plug  P^^\  and  thimble  b'^'  of  jack  J'"  201,  with  the  test 
side  of  line  201,  and,  in  fact,  with  the  test  side  of  line  AOl 
also,  and  therefore  to  all  the  test  thimbles  of  the  various 
jacks  of  these  two  lines  at  all  sections.  This  will  raise  the 
potential  of  the  test  thimbles  of  the  busy  lines  above  the 
ground  by  an  amount  equal  to  the  voltage  of  the  battery. 
Suppose,  now,  that  the  drop  Dl,  located  at  section  i,  falls. 
The  operator  at  section  1  inserts  the  answering  plug  Px  into 
the  answering  jack  J^  1,  and,  having  learned  that  subscriber 
No.  1  desires  to  converse  with  subscriber  No.  201,  she  pro- 
ceeds to  determine  whether  line  201  is  engaged  or  free,  by 
touching  the  tip  of  the  other  plug  P'  of  the  same  pair  to  the 
thimble  b'  of  jack  J'  201,  and  since  line  201  is  connected  to 
line  iOl  at  section  3,  she  will  obtain  a  click  in  her  receiver, 
due  to  a  current  flowing  from  the  test  thimble  b^  through 
one-half  of  her  receiver  to  ground.  This  will  inform  her  that 
line  201  is  busy,  which  fact  she  will  communicate  to  the  call- 
ing subscriber.  The  circuit  from  the  test  battery,  through 
the  operator's  receiver,  causing  the  click  mentioned,  may  be 
traced  as  follows:  from  the  positive  pole  of  the  battery  Bt 
through  impedance  coil  A-sleeve  of  plug  /''"-thimble  b"^  of 
jacky'  2^i-test  line  /-thimble  b'  of  jack  7' 2(?i-tip  of  plug  P'- 
half  of  receiver  7?i-ground  to  the  negative  pole  of  battery  B^, 
If  no  previous  connection  had  been  made  with  line  201  at 
section  3,  or  at  any  other  section,  the  thimbles  of  that  line 
would  be  at  the  same  potential  as  the  earth,  and  when  the 
operator  at  section  1  applied  the  tip  of  her  test  plug  P'  to 
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the  thimble  b'  of  jack  J'20l,  she  would  receive  no  click,  and 
ould  know  that  line  201  was  free. 

32.  A  better  type  of  jack  for  a  multiple  board  is  shown 
in  Fig.  14.  This  jack  insures  a  rubbing  contact  between  both 
line  wires  through  the  springs  a,c  and  the  tip  and  sleeve  of 
Ihe  plug,  respectively.  Furthermore,  when  a  plug  is  inserted 
jack,  the  drop  and  all  the  jacks  of  ihat  line  at  all  sections 
beyond  the  one  where  the  jack  is  inserted,  are  entirely  cut 
out.  Therefore,  no  wire,  jacks,  or  drops  beyond  Ihe  jack  in 
are  left  in  the  circuit.  In  the  preceding  system  of  wiring 
the  jacks  and  drops, 
ihe  charging  and  dis-  — 
.charging  of  the  open  — 
liranch  by  a  variable  *""^" 
current  in  the  closed 
part  of  the  same 
circuit  often  cause 
troublesome  noises 
and  cross-talk  in  the 
Deighboring  circuits 
in  the  switchboard 
cable.  The  inser- 
3  of  the  plug 
breaks  the  contact, 
stated  above,  be- 
en springs  a  and 
d  and  between  r  and  e,  and  thus  avoids  this  trouble  by  open- 
ing both  sides  of  the  circuit  beyond  the  jack.  The  spring  / 
is  permanently  connected  to  a  lest  wire,  and  when  no  plug 
is  in  the  jack  this  spring  connects  with  the  thimble  b.  When 
plug  is  inserted,  the  spring  /  is  pushed  against  the 
■grounded  stop  g.  In  this  arrangement,  the  test  battery  is 
^connected  between  the  middle  of  the  receiver  coil  and  the 
ground.  If  the  line  is  in  use  at  section  1.  as  shown,  and 
the  tip  of  plug  P'  at  section  2  is  touched  to  Ihe  thimble  b', 
a  current  will  flow  in  the  following  circuii:  test  battery  B' 
■thimble  ^'-spring  y-lest  wire-spring  /-stop  ^-ground-test 
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ttttery  S';  sod  produce  the  busy-test  click  in  receiver  J?'. 

As  the  rest  of  the  system,  including  the  cord  circuit,  may  be 
i<exactly  the  same  as  in  Fig.  13,  no  further  description  will  be 
fiiecessary. 

33.  Cord  Clrt;itlt8. — Many  arrangements  of  cord  cir- 
Icuits  have  been  used  with  boards  of  this  type,  but  the  one 
Ifihown  in  Fig.  15  is  typical.  P  represents  the  answering 
plug  and  /"  the  calling  or  test  plug.  A'  is  a  listening  key. 
adapted  when  depressed  lo  connect  the  operator's  telephone 
set  with  the  cord  circuit.  A''  and  A'"  are  ringing  keys,  nor- 
mally preserving  the  continuity  of  the  oord  conductors,  but 
adapted  when  depressed  to  connect  the  tip  and  sleeve  strands 
of  their  respective  plugs  with  the  terminals  of  the  calling 
generator.  The  operator's  key  A'  is  provided  with  three 
springs  rf,  e.  and  /.  The  spring  e  is  connected  with  the  tip 
strand  of  the  test  plug  P'  and  normally  maintains  contact 
with  the  anvil  ^,  thus  completing  the  circuit  between  the  tips 
of  the  answering  and  test  plugs.  This  spring,  when  the  key 
is  depressed,  is  forced  into  contact  with  the  anvil  A,  forming 
-one  terminal  of  the  operator's  telephone  circuit.  The  sleeve 
ptrand  of  the  cord  is  continuous,  but  is  connected  with  the 
^ring  /  of  the  key,  which,  when  the  key  is  depressed,  is 
forced  into  contact  with  the  anvil  /,  forming  the  other  ler- 
Siinalof  the  operator's  circuit.  The  spring  i/  is  permanently 
xmnected  with  the  anvil  g,  and  is  forced  by  the  depression 
pf  the  key  into  engagement  with  the  terminal/,  thus  intro- 
hicing  the  condenser  C  into  the  lip  side  of  the  cord  circuit. 
B'he  secondary  coil  of  the  operator's  telephone  set  is  divided 
bio  two  parts,  i'  and  S',  and  connected  in  the  circuit  on  each 
^de  of  the  receiver.  The  receiver  winding  is  also  divided 
tato  two  equal  parts,  the  center  point  being  permanently 
[rounded,  as  shown.  By  grounding  the  center  portion  of 
the  receiver  in  this  manner,  the  balance  of  the  line  is  better 
preserved  than  would  be  the  case  were  one  side  of  the 
circuit  connected  to  the  ground. 

^M      34.     When  the  operator  desires  to  communicate  with  the 
^■calling  subscriber,  she  inserts  the  plug  P  into  the  jack  of 
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his  line  and  depresses  the  key  K,  This  connects  the  sleeve 
strand  of  the  cord  with  one  terminal  of  her  talking  set  at 
the  point  /,  and  connects  the  other  terminal  of  her  talking 
set  through  the  condenser  C  with  the  tip  strand  of  the  cord 
at  the  point  j.  This  circuit  is  shown  in  simplified  form  in 
Fig.  16.  The  condenser  C,  which  is  included  in  the  circuit 
between  the  calling  subscriber  and  the  operator,  allows  the 
passage  of  the  rapidly  fluctuating  voice  currents  set  up 
by  the  transmitters  associated  with  the  circuit,  but  prevents 
the  flow  of  a  continuous  current,  from  the  battery  D^  over 
the  same  circuit  to  ground  through  the  receiver.  The 
operator's  transmitter  T  is  connected  in  a  local  circuit  with 
a  battery  in  the  same  manner  as  at  the  subscriber's  station, 
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the  primary  coil  acting  inductively  on  the  two  secondary 
coils  in  series.  The  depression  of  the  key  K^  Fig.  15,  that 
establishes  the  connection  between  the  operator  and  the 
calling  subscriber,  also  connects  the  tip  strand  of  the  test 
plug  P'  with  one  terminal  of  the  operator's  telephone  set, 
this  connection  being  brought  about  by  the  springs  engaging 
the  anvil  h.  When  the  operator  learns  the  number  of  the 
subscriber  called  for,  she  retains  the  key  in  this  position 
and  applies  the  tip  of  the  test  plug  to  the  thimble  of  the  jack 
of  the  subscriber  called  for,  to  determine  whether  the  line 
desired  is  busy  or  free.  If  the  line  is  not  in  use,  the  thimble 
of  the  jack  will  not  be  raised  to  a  potential  above  that  of  the 
ground,  and  therefore  no  current  will  flow  to  ground  from  the 
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thimble  of  that  jack  through  the  tip  of  the  test  plug  and  the 
operator's  receiver,  and  silence  will  result.  If,  however, 
the  line  of  the  subscriber  called  for  is  already  in  use,  the 
thimble  of  its  jacks  will  be  raised  to  a  potential  above  that 
of  the  ground,  and  a  current  (see  Fig.  17)  will  flow  through 
the  tip  of  the  test  plug,  the  secondary  coil  S,  and  one-half  of 
the  operator's  receiver  coil  to  ground,  thus  producing  a  click. 

35.  Simplified  Test  Circuit. — The  test  circuit  may, 
perhaps,  be  more  readily  followed  by  considering  Fig.  17,  in 
which  d  and  d^  represent  the  test  thimbles  of  a  line  that  is  called 
for,  the  thimble  d'  being  that  of  a 
jack  at  the  section  where  the  test  is 
to  be  made,  and  the  thimble  d  being 
that  of  a  jack  of  the  same  line  that 
is  in  use,  but  at  some  other  section. 
If  the  line  is  busy,  the  test  battery  B 
will  be  connected  to  the  test  thim- 
ble d  by  means  of  the  sleeve  strand 
of  the  plug  at  that  section.  When, 
therefore,  the  testing  operator  ap- 
plies the  tip  of  her  test  plug  to  the 
thimble  dy  a  current  will  flow  from 
the  battery  B  to  the  thimble  d,  thence 
to  the  thimble  d\  and  to  ground 
through  one  of  the  secondary  coils  S 
and  one-half  of  the  receiver  coil, 
and  thence  back  to  the  battery  B, 
If,  however,  no  plug  is  inserted  in  the  thimble  d,  it  is 
evident  that  there  will  be  no  closed  circuit  for  a  current 
from  the  test  battery  B  through  the  receiver,  due  to  the 
application  of  the  test  plug  to  the  jack  d', 

36.  Reaeli  of  Operators. — The  clearing-out  drop  is 
included  in  a  bridge  circuit  across  the  tip  and  sleeve 
strands  of  the  cord  circuit,  and  its  operation  needs  no  descrip- 
tion. In  boards  of  this  kind,  it  has  been  customary  to 
place  the  annunciators  of  two  hundred  lines  on  each  section 
of  the  board,  and  to  provide  room  at  each  section  for  three 
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operators.  During  the  busier  parts  of  the  day,  therefore,  each 
operator  would  be  required  to  answer  the  calls  of  sixty-six 
lines.  It  has  been  said  that  each  operator  has  within  her 
reach  a  jack  connected  with  every  line  in  the  entire  system, 
and  that  each  section  of  the  board  is  provided  with  a  jack 
connected  with  every  line.  The  center  operator  of  the  three 
at  each  section  may  readily  reach  all  the  jacks  on  that  sec- 
tion, and  therefore  all  the  lines  in  the  exchange.  The  left- 
hand  operator  at  each  section  cannot  reach  the  jacks  on  the 
right-hand  third  of  that  section,  but  she  can  reach  the  jacks 
on  the  right-hand  third  of  the  next  section  at  her  immediate 
left;  as  these  are  the  duplicates  of  those  on  the  right-hand 
third  of  her  own  section,  she  may  connect  with  them  in  the 
same  manner  as  if  they  were  on  her  own  section.  In  a 
similar  manner,  the  right-hand  operator  of  each  section  can- 
not reach  the  jacks  at  the  left-hand  third  of  her  own  section, 
but  may  make  connection  with  those  on  the  left-hand  third 
of  the  section  at  her  immediate  right.  In  this  way,  all  the 
operators  are  provided  with  means  for  reaching  every  line, 
even  though  three  operators  occupy  positions  in  front  of 
each  section.  At  the  extreme  right  and  left  ends  of  the 
whole  switchboard,  it  is  necessary  to  duplicate  the  jacks  only 
of  a  third  of  a  section,  so  that  the  end  operators  of  the  last 
complete  end  sections  will  still  be  within  reach  of  all  jacks. 

37.     Objections  to  the  Series-Multiple  Board. — The 

multiple  board  described  has  been  widely  used,  but  is  never- 
theless subject  to  very  grave  defects.  In  a  system  of  5,400 
subscribers,  having  fifteen  sections,  the  line  wire  will  neces- 
sarily pass  in  series  through  a  pair  of  jack-contacts  at  each 
one  of  these  sections.  A  particle  of  dust  or  a  loose  contact 
in  any  one  of  these  jacks  will  produce  an  open  circuit,  thus  dis- 
abling the  entire  line — an  occurrence  that  cannot  easily  be 
avoided.  Moreover,  among  other  objections,  this  particular 
system  does  not  lend  itself  readily  to  the  use  of  self-restoring 
line  drops  and  clearing-out  signals,  and  therefore  the  work 
of  the  operators  is  rendered  more  arduous,  and  the  number 
of  lines  an  operator  can  attend  to  is  correspondingly  reduced. 
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THE  BRANCH-TERMINAIi  MULTIPIiE  BOARD 

38.  Line  Circuits. — The  Branch-terminal  multiple 
switcliboard  was  designed  to  overcome  the  objections  to 
the  series-multiple  board,  and,  it  may  be  said,  has  to  a  large 
extent  done  so.  This  type  of  switchboard  .has,  in  turn,  been 
superseded  by  or  converted  into  central-energy  multiple 
switchboards.  The  general  arrangement  of  spring  jacks  and 
drops  at  the  various  sections  of  the  board  is  shown  in 
Fig.  18,  where  three  lines  pass  successively  through  three 
sections  of  the  board,  each  being  connected  with  a  jack  on 
each  section  and  also  with  a  drop  on  one  of  the  sections. 
Each  jack  is  composed  of  five  parts:  a  test  thimble  g^  a  sleeve 
thimble  /  immediately  behind  it,  a  tip  spring  c,  and  two  sig- 
nal-restoring springs  b,  b'.  The  test  thimble^ is  permanently 
connected  to  the  spring  b'y  the  two  being  connected  by  a 
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branch  wire  with  the  test  wire  /,  one  of  which  is  provided 
for  every  line  in  the  exchange.  Each  test  wire  leads  through 
a  restoring  coil  n'  of  the  drop  of  its  line,  and  then  passes  to 
ground  through  a  common  battery  O,  The  sleeve  thimble  / 
is  connected  by  a  branch  wire  with  the  sleeve  side  k  of  the 
line,  and  the  tip  spring  c  is  similarly  connected  to  the  tip 
side  k'  of  the  line.  The  line  coil  n  of  each  drop  is  perma- 
nently bridged  across  the  two  sides  ky  k'  of  its  line,  and  is 
therefore  made  of  high  resistance  and  impedance.  These 
drops  are  of  the  electrically  restoring  type  made  by  the 
Western  Electric  Company.  The  spring  b  at  each  jack  is  con- 
nected with  the  ground  through  a  heavy  wire  6".  The  arrange- 
ment of  the  contacts  in  the  spring  jack  and  of  the  contacts 
of  the  plug  is  shown  in  Fig.  19,  in  which  h  is  the  tip  of  the 
plug  and  j  the  sleeve  adapted  to  make  contact,  respectively, 
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[■with  the  tip  spring  c  and  the  sleeve  thimble  /.  These,  h  and  /, 
fare  connected  with  the  tip  and  sleeve  strands  of  the  cord 
Bctrcuit  in  the  ordinary  manner.     A  separate  contact  ring  '  is 

■  provided  on  each  plug,  which  is  entirely  insulated  from  all 
I  other  parts  of  the  plug,  and  which  is  adapted  to  make  contact 
[  with,  and   thus  connect  together,  the   two  signal-restoring 

springs  b,  b'  in  each  jack.  The  cord  circuit  is  shown  in 
I  greatly  simplitied  form  in  Fig.  18,  a  clearing-out  drop  being 
I  connected  in  a  bridge  circuit  across  the  tip  and  sleeve  sides 
I  of  the  cords,  and  half  of  an  operator's  head-receiver  circuit 
I  being  connected  between  the  tip  side  of  the  cord  circuit  and 
[  Ihat  pole  of  ihe  battery  O  which  is  not  jjrounded.  The  oper- 
[  ator's  telephone  is  arranged  to  be  bridged  across  the  cord 

circuit  by  means  of  a  key,  but  it  is  shown  connected,  as  in 
I  Fig.  18,  for  the  purpose  of  simplifying  tlie  explanation  of 
\  the  busy-test  circuit.  

OPSBATION 

39.  If  the  subscriber  on  line  1  desires  a  connection,  the 
k  drop  /)',  the  coil  n  of  which  is  connected  across  bis  line,  is 
1  thrown  in  the  ordinary  way.  The  operator  at  that  section 
I  of  the  board  then  inserts  the  answering  plug  /"into  the  jack 

of  Ihat  line.  This  connects  the  tip  and  sleeve  sides  of  the 
r  cord  circuit  with  the  tip  and  sleeve  sides  of  the  line,  respect- 
I  ively,  and  the  operator  is,  by  means  of  her  listening  key, 
iesabled  to  bridge  her  talking  set  across  the  cord  circuit  and 
I  communicate  with  the  subscriber. 

40.  T€?st. — The  insertion  of  the  plug  into  the  jack, 
I  besides  connecting  the  cord  circuit  with  the  line  circuit, 
Lbrings  about  two  other  useful  conditions.  It  grounds  the 
Ktestwire  /  belonging  to  line  l,  and  therefore  each  of  the  test 

■  thimbles  g  of  all  the  jacks  on  that  line.  This  grounding  is 
fticcomplished  by  the  connection  of  the  springs  b,  A'  through 

:  ring  (  of  the  plug;  the  circuit  from  any  test  thimble 
^n  that  line  to  ground  being  traced  from  the  ihimble  g  to 

!  test  wire  /,  thence  to  the  spring  h'  at  the  section  where 

B  plug  is  inserted,  through  the  ring  /on  the  plug  to  spring  b. 

irbich  Is  grounded  through  the  wire  G.     The  connection  of 
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all  the  test  thimbles  to  gfround,  as  long^  as  a  plug:  is  inserted 
in  any  jack  of  the  line,  is  for  the  purpose  of  producing  a  dis- 
tingfuishing  condition  on  that  line  to  enable  an  operator  at 
another  section  to  determine  whether  or  not  that  line  is  busy. 
If,  while  the  test  thimbles  of  a  line  are  so  grounded,  an 
operator  at  another  board  applies  the  tip  h  of  one  of  her 
plugs  to  the  thimble^  of  that  line  at  her  section,  a  click  will 
be  produced  in  her  receiver,  due  to  a  flow  of  current  from 
the  battery  O.  The  circuit  through  which  this  flow  takes 
place  may  be  traced  from  the  positive  pole  of  the  battery 
O  through  one-half  the  winding  of  operator's  receiver-tip  h 
of  the  plug  used  in  testing-test  thimble  ^-ground,  as  already 
explained,  and  back  to  the  negative  pole  of  the  test  battery, 
which  is  itself  grounded.  It  is  obvious  that,  if  the  test  thim- 
ble^ of  a  line  is  not  connected  with  the  ground,  no  current 
will  flow  through  the  receiver  and  no  click  will  be  produced. 

41.  Restoring  Drops. — The  other  condition  brought 
about  by  the  insertion  of  the  plug  into  the  jack  is  the  estab- 
lishment of  a  circuit  containing  the  restoring  coil  n!  of  the 
annunciator  and  the  battery  O.  This  circuit  may  be  traced 
from  the  positive  pole  of  the  battery  through  restoring  coil  «'- 
test  wire  /-spring  ^'-contact  ring  i  on  plug-spring  Aground 
wire  (7-ground  to  negative  pole  of  battery  O,  The  current 
flowing  through  this  circuit  energizes  the  restoring  magnet, 
and  restores  the  shutter  to  its  normal  position. 

42,  Complete  Circuits. — The  circuits  of  this  system 
are  shown  more  in  detail  in  Fig.  20.  The  various  parts  in 
this  figure  bear  the  same  reference  letters  as  those  used  in 
Fig.  18,  and  although  the  diagram  is  arranged  in  an  entirely 
different  manner,  the  line  circuits  connecting  the  subscriber's 
station  with  the  spring  jacks  and  annunciators  at  the  central 
office  are  identical  with  those  in  that  figure.  Two  pair  of 
plugs  and  their  accessory  apparatus  are  shown  in  connection 
with  Fig.  20,  one  pair  being  located  at  section  1  and  the 
other  at  section  2  of  the  switchboard.  It  must  be  remem- 
bered that  the  two  spring  jacks  shown  in  proximity  to  the 
upper  pair  of  plugs  P  and  P'  are  at  section  i,  and  those  in 
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proximity  to  the  lower  pair  of  plugs  P^'  and  P'"  are  at  sec- 
tion 2.  R  and  R'  are  two  ringing  keys,  adapted,  when 
depressed,  to  connect  the  circuit  of  the  power  generator  P.  G. 
across  the  terminals  of  the  corresponding  plug,  at  the  same 
time  cutting  off  the  remainder  of  the  cord  circuit.  Normally, 
however,  when  these  keys  are  not  depressed,  the  two  sides 
of  the  cord  circuit  are  continuous,  the  tip  of  the  plug  P  being 
connected  to  the  tip  of  the  plug  /*'  by  the  conductor  1  of  the 
cord  circuit,  the  connection  between  the  sleeve  contacts  on 
the  plug  being  made  through  conductor  2.  Across  the  tip 
and  sleeve  strands  of  each  cord  circuit  is  bridged  the  actua- 
ting coil  X  of  the  clearing-out  drop,  this  coil  of  course  being 
wound  to  a  high  resistance  and  impedance,  in  order  to  pre- 
vent the  passage  of  the  voice  currents  from  one  side  of  the 
cord  circuit  to  the  other. 

43,  In  Fig.  18,  the  tip  side  of  the  cord  circuit  was  shown 
grounded  through  half  of  the  operator's  telephone  receiver, 
to  aid  in  explaining  the  test  circuit.  It  is  necessary  for  the 
purpose  of  testing  that  the  coil  of  the  operator's  receiver 
should  be  permanently  grounded  through  the  test  battery; 
and  in  order  that  this  shall  not  affect  the  balance  of  the  line, 
as  it  would  do  if  the  ground  connection  were  made  at  the  end 
of  the  receiver  coil,  it  is  made  instead  at  the  center  of  the 
coil,  and  the  secondary  winding  of  the  operator's  induction 
coil  is  divided,  one-half  being  connected  in  the  circuit  on 
each  side  of  the  receiver  coil.  This  is  indicated  in  Fig.  20, 
where  Q  is  the  operator's  receiver  and  s  and  s'  the  two  halves 
of  the  secondary  coil  connected  on  each  side  of  the  receiver 
coil.  The  terminals  of  the  secondary  circuit  are  connected 
with  the  two  springs  w,  w'  of  the  listening  key,  which  springs, 
when  the  key  is  closed,  make  contact  with  the  anvils  v,  v\ 
thus  bridging  the  operator's  secondary  circuit  across  the  cord 
circuit.  The  primary  winding/  of  the  induction  coil  is  con- 
nected with  a  transmitter  7"  in  a  local  circuit  containing  a 
battery,  but  not  shown  in  the  figure,  and  acts  inductively  on 
the  two  halves  of  the  secondary  winding  5,  s/  in  exactly  the 
same  manner  as  if  they  were  not  divided.     In  connection 
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irilh  the  listening  key  ia  the  auxiliary  spring  u,  connected 

Bwith  one  terminal  of  the  restoring  coil  x"  of  the  clearing-out 

irop  of  that  cord  circuit.     The  other  terminal  of  the  coil  x' 

Bts  connected  with  the  positive  pole  of  the  battery  O.    This 

iBpring  makes  contact  with  the  grounded  anvil  u'  when  the 

listening  key  is  closed,  and  thus  serves  to  escite  the  restoring 

coil  x'  when  the  operator  listens  in.     Two  metallic*circuit 

lines,  leading  from  the  subscribers'  stations  A,ff,  are  shown 

connected  by  the  pair  of  plugs  P".  P"'  at  section  2  of  the 

board.    The  operations  by  which  this  connection  was  brought 

Ipbout  may  be  understood  from  tlie  description  given  in  con- 
bection  with  Fig.  18. 
■see 
bck 
mat 
who 


) 

L. 
KCO: 

1^ 


44.  We  will  assume  now  that  the  operator  at  section  I 
[see  Fig,  20)  bas  inserted  her  answering  plug  P  into  the 
ick  of  some  third  subscriber,  whose  line  is  not  shown,  and 
lat  that  subscriber  desires  a  connection  with  subscriber  B, 
whose  line  is  already  busy  by  virtue  of  the  connection  at 
section  2.  The  operator  at  section  J,  however,  does  not 
know  that  this  line  is  busy,  and  in  order  to  ascertain  its  con- 
dition, she  applies  the  lip  of  the  plug  P'  lo  the  test  thimble^, 
lof  the  jack  on  that  line,  while  her  listening  key  is  in  its 
'closed  position.  Current  from  the  positive  pole  of  the  bat- 
tery O  will  then  flow  through  the  wire  3  and  through  one- 
haJf  of  the^oil  of  the  operator's  receiver  Q  and  one-half  ;t  of 
ber  secondary  coil  to  the  spring  «■'  and  anvil  v',  which  is  in 
iconnection  with  the  tip  strand  1  of  the  cord  circuit.  From 
le  lip  of  the  plug  /"  the  current  then  passes  to  thimble^, 
if  the  jack  at  section  J,  and  by  test  wire  /,  to  the  spring  />',  at 
the  plugged  jack  at  section  2;  here  it  passes  through  the 
auxiliary  ring  of  the  plug  to  spring  />,  and  to  ground,  and 
thence  to  the  negative  pole  of  the  grounded  battery  O.  The 
click  produced  in  the  operator's  telephone  by  this  flow  of 
corrent  will  inform  her  that  the  line  is  busy,  and  she  will  at 
once  notify  the  calling  subscriber  to  that  effect. 

I  46.     Slniplirit'd    Test    Circuits.— The    test    circuit    is 

,  stripped  of  al!  detail,  in  Fig.  21.  in  which  .^,  is  the 

^st  thimble  ai  sr;clion  /,  and .?'  the  test  thimble  on  the  same 
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line  at  section  2.  The  dotted  line  shown  in  connection  with 
the  thimble  ^'  represents  the  ground  connection  that  may 
exist  by  virtue  of  a  plug  being  inserted  into  that  jack,  as 
already  shown.  If  this  ground  connection  does  not  exist,  the 
test  thimbles  and  the  test  wire  /»  will  be  raised  to  the  same 


4 


Section  »ni' 


potential    above    the 

aecHon  1       earth  as,  the  tip  of  the 

testing  plug  P^  this 

potential    being   due 

>  to  the  battery  (9,  and 

therefore  no  current 

^i^  will  flow  through  the 
operator's  receiver 
coil  when  the  plug 
tip  is  applied  to  the 
thimble  g^.  If,  how- 
ever, the  ground  con- 
nection at  g'  does 
exist,  the  potential 
of  the  test  wire  and 
test  thimble  will  be 
the  same  as  that  of 
the  earth,  and  current 
from  the  battery  will  flow  through  a  divided  path  to  the 
ground,  one  branch  of  which  will  include  the  restoring 
coil  n!  of  the  line  annunciator,  and  the  other  of  which  will 
include  one-half  of  the  operator's  receiver  coil  and  of  her 
induction  coil,  as  traced  out  in  the  preceding  article. 

46.  A  study  of  the  diagrams  of  this  system,  especially 
of  that  shown  in  Fig.  20,  will  show  that,  with  one  exception, 
no  part  of  the  actual  talking  circuit  established  between  two 
subscribers  is  at  any  time  grounded  by  the  operations  of 
testing  or  of  restoring  the  various  shutters.  The  exception 
mentioned  is  due  to  the  ground  connection  from  the  center 
point  of  the  operator's  talking  circuit,  which  is  connected 
with  the  line  when  the  operator  listens  in.  Inasmuch,  how- 
ever, as  an  equal   amount  of  resistance  and  impedance  is 


Fig.  21 
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Uaced  on  each  side  of  this  ground  connection,  the  balance 
lof  the  circuit  is  in  no  wise  destroyed.  In  order  to  prevent 
the  grounding  of  one  side  of  the  line  circuit  when  a  plug  is 
inserted  into  a  jack,  the  thimble  ^  is  made  sufficiently  large 
to  clear  the  sleeve  of  the  plug  when  inserted;  this  is  shown 
"  1  Fig.  19. 

47.  AavantaKfs  of  Bram-Ii-Tprmlnal  eystt-m.— The 
inch'terminal  system,  as  described,  represents  the  highest 
development  of  Ihe  multiple  switchboard,  prior  to  the  exten- 
sive use  of  lamp  signals  and  centrali/.ed  transmitter  batteries. 
A  complete  multiple-board  system,  embodying  these  latter 
features,  will  be  described  when  the  lamp  signals  and  cen- 
tralized-batlery  arrangements  are  discussed.    It  is  not  difficult 

1  see  the  advantages  of  the  branch -terminal  system  over  the 

leries- system.     Among  them  may  be  mentioned  the  follow- 

(1)   The  continuity  of  the  tine  circuit  is  not  dependent 

a  any  of  the  jack-contacts,  and,  in  tact,  no  broken  contacts 

acist  in  the  jacks.  (2)  The  balance  of  the  line  is  not 
llBstroyed  by  grounding  one  side  of  Ihe  cord  circuit,  as  in 
■the  series-system.  (3)  The  use  of  self-restoring  switchboard 
drops  is  rendered  an  easy  matter;  and,  lastly,  (4)  the  two 
branches  of  the  metallic  circuit  of  a  line,  which  run  through 
the  entire  length  of  the  board,  are  always  of  the  same  length, 
and  therefore  possess  the  same  electrosiaiic  capacity.  This 
latter  fact  is  not  true  of  the  series-multiple  board,  because, 
on  the  insertion  of  a  plug  into  the  jack,  one  branch  of  the 
line  circuit  is  cut  off  at  the  jack,  thus  leaving  an  open  branch 
connected   with   one   side  of  the  line.     This  open   branch 

uctends  through  the  switchboard  cables  and  frequently  pro- 
jduces  cross-talk  by  receiving  an  inductive  charge  from  a 
iimilar  open  branch  of  another  line.  Since  the  two  line 
wires  from  one  subscriber  run  together  throughout  the 
exchange,  they  can  be  twisted  together,  thus  avioding  all 
cross-talk  and  disturbances  due  to  induction  from  neigh- 
J^^boring  wires. 


Pexte 
fiuce 
pmi 


LARGE  MAGNETO-SWITCHBOARDS 


§14 


MULTIPLE-BWITCHBOARD  JACKS  AND  PLUGS 
48.  Uultlple  Jachs. — Reference  to  the  diagrams  in 
Figs.  18  and  20  will  show  that  each  spring  jack  comprises 
five  separate  contacts,  formed  by  three  flexible  springs  and 
two  stationary  sleeves  or  thimbles.  The  construction  of 
such  a  jack  would  be  indeed  a  simple  matter  were  it  not  for 
the  fact  that  space  must  be  economized  to  the  last  degree. 
This  is  rendered  necessary  by  the  requirement  that  each 
operator  shall  have  within  her  reach  a  jack  for  every  line  in 
the  exchange,  and  therefore  if,  as  in  some  of  the  very  large 
exchanges,  the  number  of  lines  centering  at  one  central  office 
is  6,000,  it  is  necessary  that  within  the  reach  of  every  operator 
shall  be  provided  that  number  of  jacks. 


The  jacks  must,  therefore,  be  of  such  size  and  so  arranged  ' 
that  all  of  them  may  be  placed  in  the  smallest  space  possible, 
both  as  to  width  and  height.  In  order  to  obtain  such  results, 
the  jacks  are  usually  arranged  in  strips  of  twenty  or  more, 
the  strip  being  as  narrow  as  permissible  and  the  jacks  as 
close  together  as  their  size  will  allow.  A  great  deal  depends 
on  the  arrangement  and  number  of  springs  whether  a  jack 
can  be  made  on  close  centers.  Until  recently,  there  was  no 
boards  made  with  jacks  closer  than  i  inch;  this  would  permit 
of  a  switchboard  with  a  capacity  of  6,000  lines.  Improve- 
ment in  apparatus  and  the  demands  of  larger  exchanges  have 
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[educed  ihe  spacing  to  iV,  i,  and,  finally,  to  iV  inch.  With 
s  last  size,  there  are  but  two  contacts  to  the  jack.  It  looks 
now  as  though  the  size  would  reach  i  inch.  It  is  not  so 
difficult  to  make  the  jack  on  small  centers,  but  where  exceed- 
ingly large  boards  demand  the  small  jacks,  the  cables  con- 
necting them  become  excessively  cumbersome  and  hard  to 
handle.  Moreover,  it  is  also  very  difficult  to  make  the  small 
plugs  strong  enough  to  stand  the  work,  for  the  plug  handles 
nust  be  a  trifle  less  in  diameter  than  the  spacing  of  the  jacks. 

■  ooeooooooeooooeooeee    I 


Fa 


Tup  flew 


49.  The  parts  that  go  to  make  up  a  single  jack  used  in 
branch-terminal  multiple  switchboards  are  shown  in 
fie-  '"iZ,  and  a  whole  row  of  them  in  Fig.  23,  in  which  i7  is  a 
fttrip  of  hard  rubber,  properly  grooved  and  bored  to  receive 
die  contact  springs  i.  b'.  and  c  and  the  thimbles  /  and  .e.  The 
hard-rubber  strip  a  is  of  the  shape  shown  in  Fig.  23,  and  is 
of  such  length  as  to   accommodate  twenty  jacks  mounted 
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on  it  side  by  side.  Each  strip  of  twenty  jacks  is  mounted 
horizontally  in  the  switchboard,  being  secured  to  the  frame 
of  the  board  by  the  lugs  at  the  ends  of  the  strip.  In  the 
upper  side  of  the  strip  are  milled  transverse  grooves  a'  for 
accommodating  the  springs  b  and  r,  and  in  the  under  side  of 
each  strip  are  milled  similar  grooves  a" ^  in  which  lie  the 
springs  ^'.  The  grooves  a'  and  a''  extend  from  the  rear  of 
the  strip  to  within  about  \  inch  of  the  front  of  the  strip. 
At  this  point  they  are  united  by  a  rectangular  opening  a"'. 
In  the  bottom  of  the  groove  a'  is  placed  the  tip  spring  c. 
Directly  over  this  is  laid  an  insulating  strip  d^  shown  in 
the  details  in  Fig.  23.  Over  this  strip  is  laid  the  spring  b^ 
its  mate  b^  being  placed  in  the  groove  a''  on  the  opposite 
side  of  the  strip.  All  these  springs  are  secured  in  place 
by  means  of  a  small  bolt  e!  passing  through  all  the  springs 
and    the    insulation.     The    springs,  however,    are  carefully 


Fig.  24 

insulated  from  the  bolt  by  means  of  a  hard-rubber  bushing. 
The  holes  drilled  from  the  front  edge  of  the  jack-strip  to 
the  rectangular  opening  connecting  the  two  slots  are  of 
greater  diameter  at  the  front  of  the  strip  than  at  the  rear, 
for  the  accommodation  of  the  thimbles  /and ^.  The  thimble  / 
is  provided  with  a  rearwardly  extending  strip  /',  which  extends 
through  an  oblique  hole  f"  to  the  upper  side  of  the  jack-strip, 
where  it  follows  a  saw  slot  to  the  rear  of  the  strip,  as  shown 
in  the  top  view  of  the  jack-strip  in  Fig.  23.  In  a  similar 
manner,  the  thimble  g  is  provided  with  a  rearwardly  extend- 
ing strip  g\  which  passes  through  the  saw  slot  a'"'  on  the 
under  side  of  the  jack-strip  to  the  rear  of  the  strip.  The  stripy' 
is  then  soldered  to  the  spring  b' ,  thus  permanently  connecting 
the  test  thimble  ^  with  that  spring.  The  test  thimble  ^  is 
made  of  larger  internal  diameter  than  the  line  thimble  /, 
in  order  that  the  plug  when  inserted  in  the  jack  may  make 
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»ntact  with  the  line  thimble  only,  thus  keeping  the  test  cir- 
niits  entirely  free  from  the  line  circuits. 

50.     In  Fig.  24  is  shown  a  sectional  view  of  a  plug  used 

with  the  jack  described  in  the  branch-terminal  system.     The 

Vcord  connectors  are  shown  within  the  cavity  in  the  handle 

■  of  the  plug,  one  of  ihem  being  in  metallic  connection  with 

Fthe  tip  h  of  the  plug,  and  the  other  with  the  sleeve  y.     The 

contact  ring  /  on   the  plug  ts   entirely  insulated   from  all 

other  parts,  and  serves  merely  to  short-circuit  the  springs  b 

and  ^  when  inserted  in  the  jack. 


JilVlDED-MULTIPLE  SWITCHBOAHDS 

51.  About  1S97,  Mr.  M.  G.  Kellogg  devised  what  is 
Icnown  as  the  dlvIiIeU-iniiltiple  swltchbonrd  (or  a  mag- 
neto-, or  local- battery,  system.  It  was  said  that  this  type  of 
^switchboard  would  render  possible  the  construction  of  very 
large  exchanges  consisting  of  single  offices,  thereby  reducing 
'the  initial  cost  of  equipment  and  maintenance.  The  reduction 
in  the  cost  of  equipment  would  be  due  to  the  reduction  of 
lumber  of  multiple  jacks  that  would  be  required.  Four- 
division  multiple  switchboards  were  installed  in  St.  Louis  and 
Cleveland,  the  one  in  St.  Louis  being  replaced  about  1905,  and 
the  one  in  Cleveland  about  1904.  by  a  modern  central-energy 
multiple  switchboard.  Each  divided-multiple  exchange  con- 
sisted of  four  rows  of  sections,  each  row  containing  one 
line  signal  and  one  answering  jack  associated  with  each  line, 
Rnd  multiple  jacks  of  each  line  in  one  row  only,  that  is,  only 
bne-fourth  of  the  lines  had  multiple  jacks  in  a  given  row. 
The  four  rows  may  be  designated  as  the  .-/,  B,  C,  and  D 
divisions.  The  line  signals,  which  were  very  small  and 
ioinpact,  consisted  of  small  polarized  drops,  which  would 
B  operated  by  a  current  tn  one  direction  only,  mounted  in 
lips  of  twenty  on  J-inch  centers.  Two  of  the  drops  on 
tach  line  were  oppositely  polarized  and  bridged  across  the 
»  line  wires,  while  the  other  two,  also  oppositely  polar- 
3,  were  bridged  from  one  side  of  the  line  to  ground. 
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The  signaling  apparatus  at  each  subscriber's  station  con- 
sisted of  a  source  of  current  and  four  keys  (push  buttons), 
so  arranged  that  current  could  be  sent  in  either  direction 
through  the  two  wires,  which  constituted  a  complete  metallic 
circuit,  or  in  either  direction  through  one  side  of  the  line 
with  the  ground  as  a  return,  by  pressing  the  proper  key. 
At  St.  Louis  in  1904,  the  hand  generator  was  so  arranged 
as  to  give  positive  and  negative  pulsating  currents,  and  by 
pressing  one  of  the  four  selective  keys,  the  drop  at  any  one 
of  the  four  divisions  was  operated  in  very  much  the  same 
manner  as  the  biased  ringers  in  a  selective  four-party  line 
system.  Each  subscriber  was  designated  by  a  letter  as  well 
as  by  a  number.  For  example,  line  1343A  had  multiple  jacks 
in  the  A  division  of  the  board,  while  1343B,  1343C,  and 
1343D  had  jacks  in  the  B,  C,  and  D  divisions,  respectively. 
Although  it  must  be  admitted  that  this  system  is  very 
ingenious,  the  fact  that  the  subscriber  had  to  select  one  of  four 
buttons  each  time  a  call  was  made,  and  the  complication  of 
both  the  subscriber  and  switchboard  circuits  proved  a  serious 
disadvantage.  Moreover,  the  cost  of  outside  construction 
and  maintenance  is  much  less  when  each  division,  which 
then  becomes  a  separate  exchange,  is  located  near  the  center 
of  its  own  group  of  subscribers,  with  trunks  between  the 
various  exchanges.  It  is  doubtful  if  any  more  divided-mul- 
tiple switchboards  will  be  installed  in  the  near  future  in  the* 
United  States,  for  which  reason  it  does  not  seem  advisable  to 
devote  any  more  attention  .here  to  this  type  of  switchboard. 
A  Mr.  W.  Aitken,  of  England,  devised  a  very  complete  four- 
division  multiple  switchboard  arranged  on  a  common-battery 
system,  but  up  to  1906  such  a  system  had  never  been  built.* 


*  Descriptions  of  the  St.  Louis  and  Cleveland  divided-multiple 
switchboards  were  given  in  Sound  Waves  for  June,  1904,  and  a 
description  of  a  two-division  (20,000  lines  each)  common-battery  S3rs- 
tem,  devised  (patents  Nos.  759^641  and  759,762)  by  E.  H.  Smythe,  and 
proposed  for  use  in  St.  Petersburjsf  by  the  Western  Electric  Company, 
is  given  in  Sound  Waves  for  July  and  August,  1904,  and  in  the 
Western  Electrician  for  June  18,  1904.  The  system  described  by 
Mr.  Aitken  was  printed  in  Telephony  for  August^  1903. 
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SWITCHBOARD  TROUBLES 

52.  Drops. — One  of  the  most  frequent  causes  of  trouble 
in  switchboards  is  poor  adjustment  of  the  drops.  To  tell  in 
detail,  however,  just  how  to  adjust  them  would  be  a  rather 
difficult  thing  to  do,  especially  as  there  are  so  many  kinds. 
The  best  way  to  get  a  thorough  understanding  of  the  mecha- 
nism of  the  drop  is  to  practice  on  one  not  in  use,  before 
attempting  to  adjust  one  in  service.  The  same  advice 
applies  to  relays  with  the  additional  precaution  that  all  con- 
tacts be  kept  clean  and  protected  from  dust.  Careless 
inspectors  frequently  leave  off  the  covers  and  wonder  why 
it  is  they  have  so  much  relay  trouble;  try  putting  things  back 
as  they  originally  were,  and   the  result  will  be  surprising. 

53.  Spring:  Jacks. — Dust  in  these,  which  is  a  frequent 
cause  of  trouble  (especially  in  series-multiple  boards),  may 
be  dislodged  by  the  use  of  a  pair  of  bellows;  this  failing,  a 
piece  of  No.  6  copper  wire,  flattened  at  the  point,  may  be 
inserted  into  the  jack  and  passed  between  the  spring  and 
the  insulated  point  contacts.  In  testing  for  trouble  in  a 
series-multiple  board,  start  at  the  first  jack  from  the  line 
end,  insert  an  operator's  calling  plug  in  the  jack  and  ring; 
if  the  drop  falls,  the  trouble  is  between  you  and  the  test 
board,  rack,  or  line  terminal;  repeat  the  same  test  at  the 
test  board  with  an  instrument  there;  if  the  operator  answers 
you,  the  trouble  is  outside  of  your  office  and  may  be  in  the 
leading-in  wires,  cables,  line,  or  subscriber's  instrument. 
If,  however,  on  making  the  first  test,  the  drop  did  not  fall, 
repeat  the  test  at  the  next  jack;  if  now  all  right,  the  trouble 
is  at  or  between  these  two  jacks,  and  may  be  due  to  a  broken 
wire  or  bad  connection.  In  searching  for  trouble  of  this 
character,  be  very  careful  in  handling  switchboard  cables; 
sometimes  a  great  deal  of  trouble  is  caused  by  carelessness 
in  handling  them  that  is  not  discovered  until  later. 
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is  provided  with  a  screw  hole  for  fastening  a  white,  or 
bright,  number  plate.  There  is  also  a  brass  rod  g  that 
firmly  holds  the  two  sides  of  the  iron  frame  a  certain  dis- 
tance apart.  In  the  rear  of  the  frame  is  a  threaded  hole  in 
which  the  iron  sleeve  o  may  be  screwed.  An  iron  screw  ^ 
passes  through  a  hole  in  the  sleeve  o  and  screws  into  the 
iron  core.  By  setting  the  sleeve  o  in  any  position  desired 
and  screwing  p  up  tight,  the  core  is  drawn  tight  against  the 
sleeve  t?,  thereby  providing  a  means  for  adjusting  the  iron 
core  forwards  or  backwards,  locking  it  and  also  preserving 
a  path  of  iron  for  the  lines  of  force  between  the  core  and 
iron  frame.  The  forward  end  of  the  core  and  coil  are  held 
in  position  by  two  rivets  projecting  from  the  iron  frame  into 
notches  in  the  hard-rubber  front  head  of  the  coil.  To 
remove  the  core  and  coil,  it  is  merely  necessary  to  remove 
the  screw  /,  slip  the  rear  end  of  the  core  and  coil  up  free 
of  the  frame,  and  pull  it  backwards. 

The  iron  core  has  a  length  of  about  2ii  inches  and  a 
diameter  of  A  inch.  The  outside  diameter  of  the  coil  is 
about  W  inch,  which  gives  a  winding  depth  of  about  -^  inch; 
the  length  of  the  winding  space  is  2A"  inches.  This  space  is 
filled  with  No.  38  B.  &  S.  bare  copper  wire,  adjacent  turns 
being  separated  by  green  silk  thread  and  the  layers  by 
paper.     The  resistance  is  about  400  ohms. 

A  small  portion  of  each  side  of  the  iron  frame,  where  the 
ends  of  the  cylindrical  armature  c  move,  is  cut  out,  but 
thin  pieces  w,  n  of  sheet  iron,  placed  on  the  outside,  cover 
these  holes  in  the  frame.  The  lines  of  force  coming  out  of 
the  core  divide  and  pass  each  way  through  the  armature 
to  the  sides  of  the  iron  frame.  The  front  end  of  the  core 
and  the  holes  in  the  sides  of  the  iron  frame  are  so  shaped 
that  the  air  gaps  between  the  core  and  armature  and 
between  the  armature  and  frame  at  each  end  decrease  in 
length  as  the  armature  moves  about  its  point  of  suspension 
toward  the  core;  hence,  the  armature  will  move  toward  the 
core  when  it  is  magnetized  by  the  coil. 

The  armature  c  is  a  cylindrical  piece  of  soft  iron  about 
T  inch  long,  i  inch  in  diameter;  in  one  slot  is  rigidly  clamped 
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I  the  rear  end  of  the  aluminum  target  /  and  a  stouter  piece  of 
I  brass,  by  means  of  which  the  armature  and  target  are  hung 
I  on   the    horizontal    brass  pivot  rod  d.      In  another  slot  is 
I  damped   a   small  piece   of   brass  c,  which   projects   nearly 
1  V*  inch  beyond  the  cylindrical  surface  of  the  iron  armature 
and  limits  the  motion  of  the  armature  by  coming  into  con- 
tact with  the  iron  core  or  the  edge  of  the  holes  cut  in  each 
side  of   ihe    frame   when    the    armature   is   attracted.     This 
I  prevents    the    sticking   of    the   armature   due    to   residual 
I  maet^etism. 

3.  As  the  armature  approaches  the  core,  the  target  / 
moves  downwards  and  exposes  a  white,  or  bright,  surface 
behind  it.  The  front  of  the  target  and  all  parts  normally  in 
view  are  painted  black.  The  rear  surface  of  the  target  is 
bright  and  probably  tends  to  reflect  light  from  the  top  of  the 
switchboard  on  to  the  white  surface,  which  is  exposed  to 
the  operator  when  the  target  is  in  its  lowest  position. 
When  current  ceases  to  flow  through  the  coil,  the  armature 
is  no  longer  attracted  toward  the  core  and  its  weight  causes 
the  target  to  rise  and  hide  the  previously  exposed  bright 
surface.  The  terminals  of  the  coil  are  soldered  to  stout 
brass  terminal  rods  that  project  through  two  slots  formed  in 
the  rear  of  the  iron  frame.  The  pole  piece,  armature,  and 
the  iron  screws  o,p  are  plated  with  copper  to  prevent  rust- 
ing. A  piece  of  cotton  is  glued  lo  the  target  arm,  where  it 
strikes  against  the  iron  frame,  to  reduce  the  noise. 

These  target  signals  are  self-contained  and  mounted  in 
strips  of  ten,  so  that  any  individual  signal,  or  a  complete  strip, 
may  be  removed  without  interfering  with  other  apparatus. 


DEAN    TARtiET    SIGNAL 

4.  The  I>4>aii  tarift-t  slKunl,  designed  for  the  Western 
Electric  Company,  is  somewhat  similar  to  the  North  target 
.signal,  but  has  the  aluminum  target  bulged  out  in  spherical 
shape  in  order  that  the  operator  may  see  it  more  readily 
from  any  direction.  Instead  of  the  pole  piece  being  curved, 
\  the  armature   is  eccentrically  curved,  so    that   as   it   turns 
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the  attraction  increases  because  it  approaches  the  iron 
core.  Provision  is  also  made  for  closing^  a  night-alarm 
circuit  when  the  signal  is  operated. 


GRIDIRON    SIGNAL 

5.  In  Fig.  2  is  shown  a  target  signal  called  a  grridiron 
sigrnal,  from  the  resemblance  of  the  target,  yirhen  exposed, 
to  a  gindiron  or  grating.  The  figure  shows  a  rear  and  a 
front  view  of  two  target  signals,  a  sectional  view  through 
the  center  of  one  signal,  and  a  view  of  the  armature  support 
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and  night-alarm  springs  that  are  stamped  out  of  iVinch 
sheet  brass,  the  contacts,  being  platinum  rivets.  This  type 
of  signal  is  extensively  used  on  long-distance,  toll,  common- 
battery  signaling,  and  small  central-energy  systems.  This 
particular  signal  is  made  by  the  Kellogg  Switchboard  and 
Supply  Company,  and  in  general  construction  resembles  the 
Warner  tubular  drop. 

6.  The  shell  b  is  drawn  from  one  piece  of  soft  iron  or 
mild  steel  and,  together  with  the  armature  a^  is  heavily 
plated  with  copper  to  prevent  rusting.  The  core  and  shell 
are  secured  to  a  brass  mounting  plate  c  by  screws.  The 
brass  front  plate  d  is  also  fastened  with  screws  to  brass 
posts  e,e  riveted  to  the  mounting  plate  f,  a  i-inch  space 
being  left  between  plates  c,  d  in  which  the  target  /  hangs. 
The  target,  which  is  made  of  a  flat  piece  of  sheet  aluminum 
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.  inch  long  by  H  inch  wide,  is  riveted  to  the  rod  h,  which  is 
mly  fastened  to  the  armature  a.  The  front  plate  d,  the 
mt  of  which  is  painted  black,  has  four  horizontal  slots,  one 
ibove  the  other,  for  each  signal,  each  slot  measuring  b^  inch 
Bgh  by  s  inch  long,  and  separated  by  bars  A  inch  high.  The 
llurainum  target  has  black  bars  painted  across  it  horizontally. 
n  such  a  position  that  only  black  appears  through  the  slots 
1  the  front  plate  when  the  armature  rests  in  its  normal  posi- 
But  when  the  armature  a  is  held  in  its  attracted  position 
ly  a  direct  current  through  the  coil,  it  raises  the  aluminum 
irget  /  so  that  the  bright  aluminum  appears  through  the 
Hots  in  the  front  plates  as  four  bright  bands,  giving  a  signal 
hat  is  very  easily  seen  by  the  operator.  When  the  current 
feases.  the  weight  of  the  larget,  supporting  rod,  and  arma- 
2  causes  the  target  to  fall  into  its  normal  position,  show- 
Dg  only  black  through  the  slots  in  the  front  plate. 

The  coil  is  usually  wound  to  a  resistance  of  about  SIX)  ohms 
rith  about  No.  SS  B.  &  S.  silk-covered  copper  wire.  The 
aigth  of  the  winding  space  is  1\\  inches  and  the  depth 
ibout  -h  inch.  The  coil  is  covered  with  two  thicknesses  of 
taraffined  paper.  The  terminals  of  the  coil  are  soldered  to 
wo  stout,  tinned-brass  wires  m.n  fixed  firmly  in  the  rear 
lead  of  the  coil  and  projecting  through  two  holes  A  inch  in 
Jiameter  in  the  iron  armature.  The  outside  ends  of  these 
erminals  are  flattened  and  provided  with  a  hole  in  which 
he  end  of  a  switchboard  wire  may  be  readily  inserted  and 
loldered.  Many  switchboard  devices  are  now  provided  with 
ninals  of  this  character. 

7.  To  the  rear  surface  of  the  armature  is  riveted  a  flat 
Sennan-silver  spring  /  provided  at  the  end  that  projects 
leyond  the  armature  with  a  plalinum  rivet.  This  platinum 
ivet  makes  contact,  when  the  armature  is  attracted,  with  a 
httened  platinum  rivet  in  a  brass  piece  o  secured  to  the  iron 
ihell.  by  two  screws,  but  insulated  from  it.  This  brass  piece 
Projects  toward  the  rear,  its  end  being  tinned  and  provided 
nth  a  hole,  thus  fonning  a  terminal.  This  pair  of  contacts 
Bay  be  used  in  a  night-alarm  circuit. 
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TWO-COII^    TARGET    SIGNAI^ 

8.     Fig:.  3  shows  a  tMro-coil  targret  sigruB,!  used  by  some 
Bell  Companies.     It  has  two  cores  and  two  coils,  a  heavy 

iron  armature  a,  and  an  aluminum  shut- 
ter. The  iron  framework  of  the  switch- 
board to  which  the  sig:nal  is  fastened  by 
screws  c,  d  forms  the  yoke  for  the  iron 
cores.  The  armature  and  shutter  are 
shown  in  their  attracted  position;  the 
armature  is  so  pivoted  that  its  weight, 
together  with  that  of  the  aluminum 
target  /,  causes  the  latter  to  move  down 
out  of  sight  when  the  armature  is  not 
attracted  by  the  two  cores.  This  signal 
is  frequently  wound  to  have  a  resistance 
of  about  45  ohms,  m^  n  is  a  black 
painted  strip  on  the  face  of  the  target; 
it  can  be  seen  through  a  slot  in  the  front 
of  the  switchboard  in  the  normal  posi- 
tion of  the  target. 


RELAYS 


9.  Belays  are  now  very  extensively 
used  in  telephone  systems,  especially  in 
common-battery  signaling  and  central- 
energy  systems.  Their  design  and  con- 
struction varies  a  great  deal,  depending 
on  the  purpose  for  which  they  are  used. 
Where  many  of  them  must  be  mounted 
near  one  another,  they  must  be  made  no 
larger  than  is  really  necessary  in  order 
not  to  occupy  too  much  space;  they 
must  have  a  good  iron  circuit  to  be  effi- 
cient; and  practically  covered  with  a  case  of  almost  any  metal 
where  they  are  placed  very  close  together,  in  order  to  pre- 
vent cross-talk.     Cross-talk  is  usually  eliminated  by  enclosing 
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($11 
Ihe  relay  in  a  metal  shell  or  case,  due  to  the  metal  case  acting 
as  a  short-circuited,  or  low-resistance,  winding.  Should  there 
be  any  tendency  for  lines  of  force  to  stray  from  the  pre- 
scribed iron  path,  they  will  cut  the  metal  case,  as  they  are 
set  op  or  die  out.  and  generate  currents  in  it,  but  having 

»thus  expended  their  energy  they  will  manifest  no  tendency  to 
spread  any  farther.    Hence,  the  return  circuit  may  be  made  of 
iron  and  good  enough  to  be  efficient;  and  then  if  this  is  not 
sufficient  to  eliminate  cross-talk,  the  relay  may  be  enclosed  in 
a  case  made  of  almost  any  metal.  It  is  also  necessary  to  keep 
as  much  dust  as  possible  out  of  the  relay  to  prevent  bad  and 
dirty  contacts.     For  these  reasons,  most  relays  are  enclosed 
in  cylindrical  or  other  shaped  cases  of  iron,  brass,  or  alumi- 
^^aum.     All  relay  contacts  should  be  made  of  platinum  rivets 
^Btto  reduce,  as  much  as  possible,  the  corrosion  due  to  moisture, 
^^Hiist,  or  spartcling.     Copper  rivets  in  the  armature  or  other 
^^poeans   are   usually   provided    in  all  relays   to  prevent  the 
louching  and  sticking  of  the  armature  to  the  core  due  to 
residual  magnetism  after  the  current  ceases  to  flow  through 
the  coil.  ___^_ 


POKY    TELEGRAPH    RELAY 

10.     In  Fig.  -1  is  shown  a  pony  relay,  which  is  somewhat 
Dialler  than  a  regular  telegn^ph  relay.     Pony  relays  are  used 


1  telephone  systems  where  only  one  or  two  are  required  for 
k  whole  exchange:  and  when  it  would  not,  therefore,  pay  to 
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manufacture  a  special  relay  for  the  purpose.  The  full-sized 
regular  telegraph  relays  are  practically  never  used  except 
in  the  telegraph  side  of  circuits  used  for  both  telegraphy  and 
telephony.  A  telegraph  relay  has  two  cores,  two  coils  con- 
nected in  series,  an  iron  yoke,  and  an  iron  armature.  The 
contacts  are  made  of  platinum.  An  adjustable  retractile 
spring  is  used  to  draw  the  armature  back  to  its  normal  posi- 
tion when  the  current  ceases  to  flow  through  the  coils.  This 
relay  occupies  too  much  room  for  most  telephone  circuits 
and  is  not  covered  with  a  metal  case.  It  is  occasionally  used 
as  a  pilot  or  night-bell  relay  and  for  testing  circuits  where 
so  few  are  required  that  it  would  not  be  profitable  to  make 
a  special  relay  for  the  purpose. 


METAL-CASE    RELAYS 

11.  Warner  Relay. — A  relay  used  somewhat  by  the 
Bell  Companies,  resembling  in  construction  the  Warner  tubu- 
lar drop  and  probably  made  from  discarded  Warner  drops,  is 
shown  in  Fig.  5.     The  iron  armature  a  is  pivoted  in  a  brass 
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stamping  d  that  is  held  by  screws  to  the  outside  of  the  iron 
shell  s.  This  relay  may  be  used  to  close  a  circuit  through 
screw  €  in  its  normal  or  through  screw  /  in  its  attracted  posi- 
tion.    The  coil  terminals  ;;/, «,  are  brought  out,  by  means 
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[  stout  brass  wires,  through  sufficiently  large  boles  in  the 

mature.     The  relay  is  mounted  on  a  frame  by  means  of  a 

brass  piece  f>  that  is  secured  to  the  relay  by  the  screws  k,  i: 

the  latter  screw  also  holds  the  core  and  shell  together.     This 

__relay  is  frequently  wound  to  500  ohms. 

[  12.  KellofTK  Iron-dud  Relay. — In  Fig.  6  is  shown  a 
jpelloetc  Iroii-clad  reliiy.  The  coil  and  iron  core  are  held 
1  the  iron  shell,  which  is  made  of  one  piece,  by  means  of  a 
fall  and  projecting  brass  screw  e,  by  which  it  is  also  fastened 
I  a  frame.  The  terminals  of  the  coil  are  brought  out  by 
leans  of  the  brass  rods  b.  r.  which  are  rigidly  fastened  to  the 
toil  and  easily  slide  through  holes  in  the  iron  shell  without 
Rouching  it.     The  iron  armature  a  has  a  projection  i/.     The 


iighi  of  the  piece  J.  downward  tension  of  the  springs  m.  n. 
Und  the  way  in  which  the  armature  is  balanced  on  the  front 
edge  of  the  piece  o.  tend  to  hold  the  armature  a  slight  dis- 
tance from  the  core  and  shell.  The  screw  s  merely  holds  the 
armature  from  falling  off  when  the  relay  is  handled,  and 
les  not  in  any  way  bind  it.  When  current  flows  through 
coil,  both  the  core  and  shell  attract  the  armatiu'e,  but 
in  then  a  copper  rivet  or  screw  prevents  it  from  touching 
either  the  core  or  shell.  When  the  annature  is  not  attracted, 
the  springs  tn.n  touch  the  lower  contact  springs;  but  when 
attracted,  the  projection  ti  lifts  the  springs  «,  «,  so  that  they 
tit  from  the  lower  and  touch  the  upper  contacts.  The 
d  has  a  strip  of  insulating  material  on  its  upper  surface 
as  not  to  connect  m  to  n  when  it  lifts  them.  As  these 
relays  are  mounted  close  together  and  are  connected  across 
the  circuit  during  a  conversation,  the  iron  shell  is  a  very 
desirable  feature. 
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This  is  a  flexible  type  of  relay  because  almost  any  combi- 
nation of  springs  may  be  used,  one,  two,  three,  or  four  sets 
of  springs,  with  either  top  or  bottom,  or  both  top  and 
bottom  contacts.  An  objection  to  the  relay  is  the  fact  that 
the  springs  are  not  enclosed  in  the  shell  so  as  to  be  protected 
from  dust  and  moisture.  Such  relays  are  usually  mounted 
in  targe  glass  cases. 

13.  KelloKK  Tubular  Relay. — Another  type  of  relay 
made  by  the  Kellogg  Switchboard  and  Supply  Company  is 
shown  in  Fig.  7.  This  flexible  type  of  relay  has  a  magnetic 
circuit  consisting  of  a  core  c,  yoke  y,  and  a  bent  armature  a,  a. 
When    the    relay  is   energized,   the   armature   merely  tilts. 


thus  raising  the  spring  /  into  contact  with  e,  contact  with  d 
being  then  broken.  The  tension  of  the  spring  /  is  down- 
wards, the  hole  in  it  being  large  enough  to  permit  it  to  move 
freely  along  the  insulating  piece  i,  whose  function  is  to  pre- 
vent a  short  circuit  between  e  and  d.  To  prevent  the  arma- 
ture from  sticking,  due  to  residual  magnetism,  a  brass  or 
copper  rivet  is  placed  in  the  armature  at  o  to  prevent  actual 
contact  between  the  armature  a  and  yoke  piece  y.     To  protect 
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Ihe  coniacts  from  dust  and  also  to  prevent  cross-talk  between 

Sieighboring  relays,  the  whole  device  is  enclosed  in  a  tubular 

ttase  /.  usually  made  of  I'g-inch  drawn  iron,  but  sometimes  of 

ftl>rass.     This  tubular  shell  t  screws  on  a  disk  w.     The  shape 

■  of  the  front  end  of  the  armature  a  is  shown  in  the  front  view, 

■  The  principal  dimensions  are  given  on  the  figure.  When 
Ithis  relay  is  used  as  a  line  cut-off  relay  in  centrai-energy 
fcsystems.  there  are  two  sets  of  springs  mounted  alongside  of 
§<eacb  other,  as  shown  in  the  top  view  (a). 

14.     Bi'll   Tubular   Relay.— A  similar  flexible  type   of 

b'elay  used  by  the  Bell  Companies  for  cut-off  relays  and  other 

purposes  is  shown  in  Fig.  S.     The  only  new  feature  is  the 


q__ 


jpse  of  two  iron  yoke  pieces  .r..v  fastened  rigidly  to  the  iron 
r  and  an  iron  armature  a  supported  from  x  by  ihe  fiat 
tapring  s.  The  weight  of  the  armature  and  downward  tension 
f  the  contact  spring  e  keep  the  armature  against  Ihe  screwy, 
ins  of  which  the  normal  distance  of  the  armature  from 
|lhe  yoke  y  above  it  may  be  adjusted.  When  the  relay  is 
inergizcd,  the  armature  is  drawn  up  by  both  yoke  pieces  x,  y\ 
Ibe  insulating  piece  /.  which  is  thereby  raised,  moves  easily 
Birough  a  sufficiently  large  hole  in  the  spring  /  to  raise  the 
^ring  e  without  moving  /.  A  sheet-iron  shell  /,  which  pre- 
sets the  whole  relay  from  dust  and  eliminates  cross-talk,  is 
leld  in  place  by  a  screw  m  and  a  nut  n  that  cannot  be 
Mmoved  from  the  shell  and  lost. 


The  milled  nut  n. 
used  to  hold  od  the 
cover,  cannot  be  re- 
moved from  the  cover 
and  thus  lost.  The 
armature,  which  can 
be  readily  removed. 
rocks  over  two  fixed 
points,  one  of  which 
is  shown  at  r.  A  neck 
on  the  brass  spool 
projects  just  barely  enough  beyond  the  iron  core  to  prevent 
the  armature  from  touching  it.  thereby  allowing  the  \ 
a  very  small  air  gap.  which  improves  the  efSciency  of  1 
relay.  The  coil  terminals  are  so  securely  fastened  I 
they  cannot  work  loose  or  be  pushed  through  so  as  to 
injure  the  windings.  It  is  claimed  that  these  relays  are 
permanently  and  so  well  adjusted  in  the  factory  that  subse- 
quent adjustment  is  unnecessary.  The  springs  are  Gen 
silver  with  platinum  contacts. 


m 

i  to 
are 
bse- 


16.  Kelloft^  Cnst-Iroii  Relay, — A  type  of  relay  made 
by  the  Kellogg  Switchboard  and  Supply  Company  for  use  in 
lamp-signal  magneto-switchboards  is  shown  in  Fig.  10. 
For  a  strip  of  ten  relays,  a  single  iron  casting  is  drilled  out 
for  the  reception  of  the  relay  coils  and  cores,  sufBcienl  space 
being  left  between  the  drillings  to  effectually  prevent  t: 
talk.  The  construction  is  compact.  The  contact  springs  are 
thoroughly  insulated  both  from  the  armature  and  the  iron 
block  containing  the  relays,  and  are  made  of  Gennan  silver, 
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fastened  to  the  iron  armature  projects  slightly  and  touches 
an  insulated  contact  in  the  end  of  the  core  when  the  armature 
is  attracted.  The  copper  strip  also  prevents  the  iron  arma- 
ture from  touching  the  iron  core  or  shell,  even  when  attracted, 
and  hence  prevents  the  sticking  of  the  armature  to  the  core 
and  shell  when  the  current  is  interrupted;  the  weight  of  the 
armature  is  the  only  retractile  force.  The  brass  cap  n,  which 
may  be  readily  removed  by  giving  it  a  slight  turn,  protects 
the  movable  parts  and  contacts  from  dust. 

18.  Bell  Iron-Clad  Relaj'. — Fig.  12  shows  a  form  of 
relay  used  by  the  Bell  Companies  for  a  number  of  years. 
This  is  of  the  tubular  iron-clad  form  with  a  single  contact  at 

the  end  of  the  core. 
The  armature  a  is  a 
copper-plated  iron  disk 
that  is  so  beveled  as  to 
give  a  knife  edge  to 
swing  on  and  also  to 
throw  the  weight  back 
of  the  supporting  point 
in  order  that  it  will  fall  back  by  its  own  weight  when 
released.  It  is  evident  that  this  relay  will  operate  properly 
only  in  a  horizontal  position.  The  copper  plating  on  the 
armature  is  to  prevent  sticking.  These  relays  gave  trouble 
because  of  the  uncertain  contact  between  the  edge  of  the 
armature  and  the  cap  c.  To  get  around  this  difficulty  a  small 
spiral  of  wire  s  was  connected  to  the  armature  and  to  the  frame 
of  the  relay.  This  is  a  very  sensitive  piece  of  apparatus,  but 
lacks  the  flexibility  of  some  other  types. 

19,  Eureka  Relay. — In  Pig.  13  is  shown  a  relay  made 
by  the  Eureka  Electric  Company.  All  parts  are  accessible 
when  the  iron  shell,  which  screws  on  the  brass  base  6,  is 
removed.  The  armature  a  is  pivoted  on  a  knife  edge  at  c 
and  is  held  by  the  spring  conductor  s  at  its  normal  position 
against  the  screw  e,  by  means  of  which  the  distance  between 
core  and  armature  may  be  adjusted.  This  relay  has  platinum 
contacts  and,  as  usually  wound,  is  operated  by  .01  ampere. 
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DIRECT-CURRENT    REUkYS 

21*  A  non-lnductlve  relay  may  be  made  by  covering 
the  core  with  a  copper  tube,  which  need  not  be  insulated 
from  the  core.  Several  methods  are  used  so  that  a  relay 
will  be  operated  by  a  direct  current,  but  not  by  an  alter- 
nating current.  The  most  common  method  consists  in 
covering  the  iron  core  of  the  relay  with  a  copper  tube. 
When  an  alternating  current  flows  through  the  winding  of 
such  a  relay,  a  current  is  induced  in  the  copper  shell,  which 
neutralizes  more  or  less  the  effect  of  the  original  current 
on  the  iron  core,  which  may,  therefore,  not  be  magnetized 
sufficiently  to  attract  its  armature.  The  copper  covering, 
therefore,  seems  to  act  as  a  shield  or  damper  and  prevents 
the  magnetization  of  the  iron  core,  whereas  the  steady  cur- 
rent from  a  battery  readily  magnetizes  it.  The  iron  core, 
not  being  magnetized  appreciably  by  a  high-frequency  cur- 
rent, causes  no  appreciable  impeding  effect  on  voice  currents. 
With  direct  current,  there  will  be  only  a  momentary  current 
in  the  copper  shell  when  the  current  starts  and  stops;  this 
will  not  prevent  the  relay  from  working.  Such  a  relay  acts 
slowly,  both  in  pulling  up  and  releasing  its  armature.  This 
is  not  usually  a  disadvantage,  and  in  some  cases  is  very 
useful.  The  relays  used  in  series  with  the  line  in  some 
Strowger  automatic  telephone  systems  are  so  designed. 

If  the  frequency  of  the  alternating  current  is  high  enough, 
a  non-inductive  resistance  relatively  high  compared  to  that 
of  the  relay  winding  may  be  connected  in  parallel  with  the 
relay  coil.  Enough  of  the  direct  current  will  pass  through  the 
relay  winding  on  account  of  its  lower  resistance,  to  operate 
the  relay;  whereas  most  of  the  alternating  current  will  pass 
through  the  higher  non-inductive  resistance  because  of  its 
lower  impedance.  The  supervisory  relays  in  some  Bell 
central-energy  systems  are  wound  in  this  manner,  the  non- 
inductive  resistance  being  wound  double  over  the  relay  coil. 

22.  The  relays  shown  in  Figs.  15,  16,  and  17  may  be 
operated  by  direct,  but  not  by  alternating,  current,  according 


18      TELEPHONE-SWITCHBOARD  APPARATUS    §19 


ALTERNATING-CURRENT    RBUkYS 

23.  Relay  for  liOTV  Frequencies. — If  an  ordinary  relay 
has  an  alternating  current  of  low  frequency,  about  sixteen 
cycles  per  second,  passed  through  its  magnetizing  coils,  the 
armature  usually  vibrates  and  fails  to  maintain  a  closed  local 
circuit.  This  difficulty  has  been  overcome  by  means  of 
flexible  spring  contacts  and  heavy  armatures,  but  such  relays 
are  sluggish  in  their  action  and  uncertain  in  releasing  their 
local  contacts  when  adjusted  to  operate  with  a  small  amotmt 
of  energy.  For  these  reasons,  Frank  F.  Fowle  explains  in 
the  Electrical  World  and  Engineer  for  November  19,  1904, 
how  he  designed  a  relay  that  has  proved  more  satisfactory. 
He  provides  a  second  magnetic  circuit,  energized  by  a  sepa- 
rate winding  that  will  exert  a  force  of  attraction  on  the  com- 
mon armature  while  the  force  of  attraction  due  to  the  ordinary 
winding  is  zero.  A  condenser  is  employed  to  so  displace 
the  phase  of  the  current  in  one  of  the  two  windings  that  the 
two  independent  forces,  exerted  on  the  common  armature, 
do  not  pulsate  in  unison,  but  in  such  a  manner  that  one  is  a 
maximum  at  the  moment  the  other  is  zero.  A  relay  with 
the  two  windings  on  one  and  the  same  core  will  not  fulfil  these 
conditions;  separate  cores  must  be  provided. 

L  B 
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Pig.  18 


24.     The  circuit  of  the  relay  may  be  arranged  as  shown 
at  (a)  or  at  (b)  in  Fig.  18,  in  which  R^RxyRn^R^  represent 
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the  resistances  and  L,LxyL^,L^  the  inductances  of  the  two 
coils  on  the  relay,  and  C,  C  the  capacities  of  the  condensers. 
In  order  for  the  current  with  the  arrangement  shown  at 
(a)  to  be  a  maximum  in  the  relay  coil  R  when  it  is  a  mini- 
mum in  the  other  relay  coil  ^„  the  following  relation 
between  the  various  quantities  must  be  satisfied: 

R\  Ck  r  1 


in  which  n  =  number  of  cycles  per  second.  If  the  windings 
LR  and  LyRx  in  (a)  are  to  be  similar,  that  is,  ii  R  =^  Rx 
and  L  =  /,„  in  order  for  the  current  in  ^  to  be  a  maximum 
when  that  in  Rx  is  a  minimum,  and  also  to  have  equal  cur- 
rents in  the  two  windings,  we  must  have 

^  =  ^,  =  27:nL  =  2nnLx  =  -r^-^  (2) 

Ann  C 

From  equation  (2)  we  get  the  capacity  C,  in  microfarads, 
required  in-  the  condenser  to  be 

r  =       ^^*  _ 

in  which  L  =  the  inductance  of  each  winding,  in  henrys. 

25.  In  order  for  the  current  with  the  arrangement  shown 
in  (b)  to  be  a  maximum  in  the  relay  coil  R^  when  that  in  R^ 
is  a  minimum,  we  must  have 

2;r;/A.  =  ^    ^  -^  (1) 

If  the  windings  in  the  arrangement  shown  in  {b)  are  to  be 
similar,  that  is,  if  R^  =  R^  and  A,  =  Z,„  the  conditions  for 
equal  currents  in  both  windings — the  current  in  one  to  be  a 
maximum  when  the  current  in  the  other  is  a  minimum — are 

^.  =  2a«Z,.  =  ---      -  =  R.  =  2z?iL,  (2) 

2 ;: ;/  C 

The  relation   between  the  inductances,  in  henrys,  of  the 

two  windings  and  the  required  capacity  C,  in  microfarads,  of 

the  condenser  is 

C   =      - -^  -  -  =        ^^*  - 
4V  ;/•/..       4  r' «•"/,. 
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It  is  beyond  the  scope  of  this  Course  to  give  the  mathe- 
matical theory  of  alternating  currents  on  which  the  derivation 
of  these  formulas  and  equations  depends. 

26.  The  two  types  of  relays  designed  for  an  alternating 
current  of  16.7  cycles  per  second  are  shown  in  Figs.  19  and  20. 
The  design  in  Fig.  19  is  the  cheaper  and  the  most  readily 
adjusted  and  repaired;  that  in  Fig.  20,  of  the  iron-clad  tubular 

^  form,  is  preferable  for  telephone 

j^        ' "p  w4  work  because  it  may  be  readily 

^^^^^^^^^223Jpi  sheathed  with  copper  to  reduce 

^^^^^^^^^^^1  i  *  cross-talk  between  adjacent  re- 

Ki--"--mrrr:ri:!  i  lays  and  is  adaptable  to  mount- 

^jPlmiuiiiiiiiiiiuj ui m miM.A . M\ |  ^^S   i^    rows    ou    a    siuglc 

nflpHHllllHMMH  supporting  strip.    In  testing  the 

HI 11  efficiency  of  these  arrange- 

%mmmsmm^mmmm,  ments,  a  12-volt  lamp  was 

'°*  ^*  arranged  in  series  with  a  battery 

and  the  local  contacts  of  the  relay;  the  absence  of  flickering 

of  the  lamp  was  taken  to  indicate  that  the  local  contacts 

maintained  a  constantly  closed  circuit. 

27.  The  relay  in  Fig.  19  consists  of  two  parallel  electro- 
magnets, attached  to  a  common  yoke.  There  is  one  adjust- 
ment fl,  governing  the  air  gap  when  the  relay  is  energized, 
and  another  d,  governing  the  air  gap  when  the  relay  is  nor- 
mally deenergized;  these  adjustments  control  the  maximum 
releasing  current  and  the  minimum  operating  current, 
respectively.     A  relay  having  cores  2  inches  long  and  coils 

1  inch  in  diameter  was  wound  with  10,500  turns  of  No.  37 
B.  &  S.  gauge,  single,  silk-covered  wire  on  each  spool,  the 
resistance  being  900  ohms  per  coil.  It  could  be  adjusted  to 
operate  satisfactorily  on  3  milliamperes  with  the  circuit  of 
Fig.  18   (a),  using  a  condenser  of    2  microfarads,  and  on 

2  milliamperes  with  the  circuit  of  Fig.  18  (d),  using  a  con- 
denser of  4  microfarads.  It  operated  satisfactorily  on  these 
sensitive  adjustments  when  the  current  was  increased  between 
five  and  ten  times  the  above  values. 
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28.  The  relay  shown  in  Fig.  20  consists  of  an  iron-clad 
ileclroniagnet  having  a  second  winding  over  an  iron  enca- 
ing  sheath;  a  second  and  outer  iron  sheath  makes  the  second 
inding  iron  clad  also,  and  a  disk  armature  is  arranged 
ithin  a  brass  cap  on  the  pole  end  of  the  magnets.  This 
day  has  two  adjustments  similar  to  the  former  one  and  has 
le  advantage  of  being  dust-proof.  A  relay  whose  outer 
lell    was   3    inches  nf^T: 


ing  and  ll  inches  in 
Jaineter  was  wound 
Vilh   approxinuitch-  '^fip^ 
O.OOO  turns  ii 
ioding;     the 
inding  had 

iroximate  resistance  i-ia.  m 

if  1.000  ohms  and  the  outer  2.000  ohms.     Tests  on  this  relay. 

nnected  as  in  Fig.  18  (a)  or  (d),  and  using  a  condenser 

iBving   a    capacity   between   1   and   3   microfarads,  showed 

to  be  nearly  as  sensitive  as  the  other  relay,  when  opera- 

3  milliamperes. 

29.  The  iron-clad  relay  is  preferable  for  use  on  tele- 
thone  talking  circuits,  because  its  great  impedance  allows 
t  to  be  bridged  across  the  circuit  and  because  a  copper  cylJn- 

r  over  the  outer  shell  will  prevent  cross-talk  with  adjacent 
clays,  due  to  stray  magnetic  fields.  The  variable  stray  mag- 
letic  fields  lend  to  produce,  in  the  low-resistance  copper 
lieath,  induced  currents  that  set  up  an  opposing  field, 
hereby  practically  annuling  any  effect  that  the  stray  fields 
rould  otherwise  have  had  on  the  interior  parts  of  the  relay. 
The  relay  shown  in  Fig.  19  is  preferable  for  purely  tele- 
rapbic  or  signal  circuits  or  for  al  tern  at  ing -current  track 
ircnits  in  automatic-blo^k  railway  signaling  systems. 

30.  Denn  Slow-ActliiK  Rolay. — The  slow-acting  relay 
SVised  hy  Mr.  Dean  for  the  Western  Electric  Company  is 
town  in  Fig.  2i.  Although  the  relav  is  sluggi-fh,  it  is  said 
(  act  strongly  and  certainly  even  under  the  influence  of 
iw-frequency    alternating    or    pulsating    ringing   currents. 
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The  ina^netic  circuit  of  tbe  relay  consists  of  the  core 
fastened  at  the  rear  to  a  piece  of  iron  c  that  projects  in 
front  a  considerable  distance  beyond  tbe  core  on  each  side 
and  the  armature  d,  which  is  pivoted,  between  the  two  side 
pieces  c,  c,  on  trunnions  e.  The  heavy  soft-iron  block  form- 
ing the  armature  d  is  so  balanced  that  it  normally  rests 
against  the  stop  /,  as  shown  in  the  figure.  When  the  magnet 
is  energized,  the  armature  d  moves  into  a  horizontal  position, 
causing  the  screw  g 
to  make  a  rubbing 
contact  with  spring  n, 
thus  closing  the  cir- 
cuit to  be  controlled. 
The  stop  o  has  a  cop- 
per pin  that  limits  tbe 
motion  and  also  pre- 
vents actual  contact 
between  the  iron 
armature  d  and  the 
core,  and  hence  pre- 
''">■"  vents  the  sticking 

that  might  otherwise  occur.  The  armature  d  is  pivoted 
almost  at  its  center  of  gravity,  which  permits  the  use  of  a 
very  heavy  and  therefore  sluggish  armature,  and  yet  the 
relay  may  be  quite  sensitive  and  efficient.  Such  a  relay, 
when  wound  to  a  resistance  of  1,000  ohms  with  14,500  turns 
of  No.  36  B.  Sc  S.  copper  wire,  is  said  to  be  operated  by  75 
volts,  alternating,  through  17,000  ohms  and  a  2-microfarad 
condenser  in  series  with  it. 


31.  To  Prevent  Ctaatterlns  of  Relays. — With  certain 
central-energy  systems,  wherein  a  relay  is  required  to  main- 
tain the  continuity  of  a  subscriber's  line  during  connection 
between  his  station  and  tbe  line  jacks,  trouble  has  been 
experienced  when  an  attempt  has  been  made  to  signal  by 
pulsating  currents  in  party-line  work,  because  of  the  chatter- 
ing of  the  controlling  relay  during  the  application  of  tbe 
pulsating  current. 
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Mr.  David  F.  Stokes  considers  that  this  chattering  is  due 
to  the  discharge  of  the  subscriber's  station  condenser  in  the 
interval  between  impulses  of  current,  this  discharge  taking 
place  lo  earth  through  the  controlling  relay,  and,  being  of 
an  opposite  sign  from  the  normal  current,  it  releases  the 
armature.  He  claims  to  have  found  a  remedy  for  (his  effect 
in  the  shunting  of  the  relay  by  a  high-resistance,  non-induct- 
ive shunt,  which,  while  not  affecting  the  normal  operation 
of  the  relay,  carries  the  condenser  kick  around  it. 

32.  Relay  WlmllnB.— The  wire  with  which  a  line  relay 
is  wound  must  be  sufficiently  large  and  high  in  resistance  to 
stand  for  about  10  minutes,  when  a  line  is  short-circuited, 
sufficient  current  to  open  Ihe  protecting  fuse  or  heat  coil  on 
the  line.  The  latter,  in  central-energy  exchanges,  is  usually 
supposed  to  carry  \  ampere  indefinitely.  If  not  of  sufficient 
size,  the  coil  will  be  damaged  by  heat  before  the  line  fuse 
or  heat  goi!  opens  the  circuit.  The  winding  space  on  a  Hne- 
relay  spool  should  be  at  least  2i  inches  long,  diameter  of 
core  f  inch,  outside  diameter  of  spool  heads  1  inch.  The 
winding  should  only  come  to  within  A  inch  of  the  outside 
diameter  of  the  spool  beads,  making  its  outside  diameter 
5  inch.  Such  a  coil  wound  lo  250  or  300  ohms  will  give  a 
positive  action  over  the  longest  line  practicable  for  a  central- 
energy  system.  Systems  requiring  lower-wound  line  relays 
must  have  larger  spools  to  permit  of  a  sufficient  number  of 
turns.  A  good  test  for  a  line  relay  is  to  operate  positively 
through  750  ohms  external  resistance  with  the  voltage  of  the 
battery  necessary  for  operating  the  system;  this  will  be 
equivalent  to  a  very  long  exchange  )ine.  For  positive 
operation,  a  margin  of  2.5  per  cent,  under  the  limit  is 
allowed. 

Where  desirable,  there  should  be  no  difficulty  in  operating 
a  100-ohm  line  relay  through  2..500  ohms  with  a  good  safe 
adjustment,  and  a  500-ohm  relay  through  4,000  or  even 
5,000  ohms  on  22-voli  circuits. 
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RESISTANCE    OF    RELAYS 

33.  Since  the  line  relay  must  usually  operate  in  series 
with  lines  of  various  lengths,  it  should  have  enough  turns  to 
operate  properly  on  the  longest,  or  highest-resistance,  line 
circuit.  Moreover,  even  the  shortest  line  circuit  may  have 
considerable  resistance.  One  designer  found  that  a  relay 
wound  to  60  ohms  was  satisfactory. 

The  cut-off  relay,  however,  is  usually  connected  in  a  cir- 
cuit that  does  not  go  outside  the  exchange,  and  this  circuit 
has  very  little  resistance  in  addition  to  that  of  the  relay. 
Hence,  a  larger  and  very  nearly  constant  strength  of  current 
can  always  be  depended  on,  for  which  reason  fewer  turns  of 
a  larger  wire  can  be  used,  giving  a  lower-resistance  relay 
than  the  line  relay. 

The  line-pilot  and  night-bell  relays  must  be  of  much  lower 
resistance  for  several  reasons.  One  is  that  it  is  very  desira- 
ble to  use  lamps  that  may  be  operated  and  will  not  be 
injured  by  the  full  voltage  of  the  main  battery;  hence,  the 
drop  through  a  pilot  relay  must  not  be  large  enough  to 
appreciably  affect  the  light  given  by  a  lamp  with  which  it  is 
connected  in  series,  or  injure  the  lamp  if  the  relay  is  cut  out 
of  the  lamp  circuit. 

34.  Pilot  Relays. — While  pilot  relays  may  be  of  the 
same  general  construction  as  other  relays,  it  is  usually  neces- 
sary to  make  them  larger  in  order  to  contain  the  larger  coil 
usually  required.  A  pilot  relay  must  have  enough  ampere- 
turns  to  operate  with  the  smallest  current  that  passes  through 
it;  for  instance,  a  line-pilot  relay  must  close  when  the  cur- 
rent from  one  line  lamp  only  passes  through  it.  They  must, 
however,  be  wound  with  large  enough  wire  to  not  overheat 
when  all  the  circuits  for  which  it  forms  a  common  return  are 
closed,  or  at  least  from  as  many  circuits  as  are  apt  to  be 
closed  at  any  one  time.  Moreover,  they  must  usually  be  of 
such  low  resistance  as  not  to  cause  enough  drop  of  potential 
through  the  coil  to  prevent  the  using  and  proper  operation 
of  lamps  made  for  the  full  voltage  of  the  battery  when  the 
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greatest   current   and,    therefore,    the    greatest   drop   occur 
throueh  the  pilot  relay. 

Furthermore,  if  the  pilot  relay  is  cut  out  of  the  circuit  so 
that  the  lamp  receives  the  ful!  voltage  of  the  battery,  the 
increase  io  voltage  must  not  be  great  enough  to  injure  or 
shorten  the  life  of  the  lamp,  For  the  reasons  just  given,  a 
line-pilot  relay  must  have  a  large  number  of  turns  of  rela- 
tively very  large  wire,  which  requires  a  coil  usually  larger 
than  is  necessary  fur  other  purposes. 

35.  The  relays  should  be  so  constructed  and  mounted 
that  they  may  be  readily  removed  or  inspected,  the  contact 
points  being  arranged  so  as  to  be  easily  seen  without  dis- 
turbing the  mechanism.  The  relay  should  have  a  good  iron 
circuit  and,  including  the  contact  springs,  should  be  enclosed 

an  iron  or  sufficiently  heavy  brass,  copper,  or  aluminum 
ie  to  prevent  cross-talk  with  adjacent  relays  in  other  cir- 
cuits, and  as    much  as  possible  excluding   the  entrance  of 
moisture  and  dust  from  the  working  parts. 

36.  Proper  WIucIlnK  of  Colls.— All  the  colls  should 
be  wound  to  stand  the  entire  voltage  of  the  battery  without 
danger  of  burning  out.  Coils  used  in  switchboard  apparatus 
are  sometimes  wound  with  such  fine  wire  that  they  bum  out 
before  the  exchange  protecting  devices  have  had  time  to 
operate.     Such  apparatus  should  be  avoided. 

Where  a  system  is  balanced,  the  coils  used  as  impedances 
on  each  side  of  the  battery — that  is,  those  through  which 
current  is  furnished  to  the  line — should  have  exactly  the 
same  number  of  turns  of  the  same-sized  wire  wound  on  cores 
of  the  same  size.  This,  of  course,  will  produce  a  perfectly 
balanced  circuit,  but  it  is  not  absolutely  necessary  in  every 
c&ae;  and  if  the  coils  are  within  10  per  cent,  of  each  other 
there  will  be  no  noticeable  unbalancing  except  on  a  connec- 
tion with  extremely  long  toll  lines.  As  the  connection  is 
lUmost  always  made  through  a  repeating  coil  in  these  cases, 
there  will  be  no  bad  effect. 
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8IGNAI.  I.AMP8 

37.  Lilne  Lamps. — On  central-energy  switchboards,  the 
local  subscribers*  line  signals  are  usually  i-candlepower 
incandescent  lamps  mounted  in  opaque  tubes  provided  with 
small  opalescent  glass  jewels,  set  in  shouldered  caps,  to 
allow  them  to  be  readily  inserted  or  removed  from  their 
sockets  from  the  front  of  the  switchboard.  In  Fig.  22  is 
shown  a  lamp  a  with  the  base  b  and  metal  contact  pieces  r,  d 


Fio  22 

that  form  the  terminals  of  the  carbon  filament  inside  the 
exhausted  glass  tube  a,  which  is  about  i^tf  inch  in  diameter. 
The  base  b  to  which  the  glass  tube  and  contact  pieces  are 
rigidly  secured  is  made  of  dry  hardwood.  The  lamp  jacks 
are  provided  with  two  insulated  springs;  one  makes  contact 
with  c  and  the  other  with  d  when  the  lamp  is  pushed  into  the 
jack.  The  pointed  tip  shows  where  the  lamp  was  sealed 
after  being  exhausted  of  air.  The  lamp  /,  shown  in  Fig.  25, 
is  sealed  at  the  lower  end,  which  is  embedded  in  the  insu- 
lating material  that  forms  the  base  of  the  lamp.  In  some 
lamps,  the  base  is  made  of  an  insulating  cement. 

38.  Supervisory  signals  usually  consist  of  i-candle- 
power  lamps,  mounted  in  an  opaque  tube  similar  to  the  line 
signal  and  provided  with  an  opalescent  jewel,  and  protected 
by  an  arched  open-work  metal  guard  to  prevent  the  breaking 
of  the  opal  from  impact  of  the  plugs  and  also  provided  with 
means  for  conveniently  removing  the  lamps  from  the  top  of 
the  keyboard  without  the  use  of  special  tools. 

Each  equipped  operator's  position  is  very  often  provided 
with  three  pilot  signals,  one  to  give  a  signal  in  connection 
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with  the  subscriber's  line  signal,  one  to  give  a  signal  in  con- 
nection with  the  supervisory  signal,  and  one  for  use  in  the 
ringing  circuit.  The  pilot  signals  are  usually  i-candlepower 
lamps  mounted  in  an  opaque  tube,  provided  with  a  large  brass 
cup  receptacle  in  which  is  mounted  the  colored  bull's-eye 
prism.  The  pilot-lamp  sockets  are  so  constructed  that  the 
lamps  may  be  readily  removed  from  the  front  of  the  board, 
the  same  as  the  line  or  supervisory  lamps. 

39.  The  life  of  s^^itchboard  lamps  used  as  signals  is 
not  so  much  a  question  of  use  as  it  is  a  question  of  mech- 
anical injury.  Experience  seems  to  show  that  the  average 
life  of  a  lamp  is  from  5  to  10  years  for  line  signals  and  over 
1  year  for  lamps  mounted  in 
the  key  shelf  and  usually  as- 
sociated with  the  cord  circuit. 
The  shorter  life  of  the  latter 
lamps  is  due  to  the  breaking 
of  the  filament,  which  is 
caused  by  the  impact  of  the 
plugs  on  their  seats.  In  1905, 
lamps  cost  about  20  cents  each 
in  small  quantities  and  less  in 
large  quantities. 

40.  The  Kellogg  Switch- 
board and  Supply  Company 
make  tipless  switchboard 
lamps  of  the  approximate  vol- 
tage and  candlepower  given  in 
the  accompanying  table  and  re- 
quiring the  current  mentioned. 

These  lamps  are  tipless,  that  is,  rounded  off  on  the  front 
end,  which,  it  is  claimed,  forms  a  small  but  effective  convex 
lens  that  focuses  the  light  rays  in  the  most  desirable  direc- 
tion. The  top  of  the  lamp  having  no  tip  offers  at  least  a 
freer  passage  for  the  light  and  is  less  liable  to  be  broken. 
Platinum  is  used  to  carry  the  circuit  through  the  glass. 


Voltage 

Candlepower 

Ampere 

3 

.2 

.2 

4 

.2 

.2 

4 

.2 

.4 

5 

.2 

.15 

6 

.2 

.15 

10 

.2 

12 

.2 

14 

.2 

16 

.2 

20 

.3 

24 

.3 

.075 

30 

.3 

.085 

40 

.5 

.085 

48 

.6 

.075 
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liAMP  JACKS 

41.  A  lamp  Jack  is  a  device  for  holding:  and  making 
contact  with  a  lamp  used  for  signaling  purposes,  such  as  a  line 
or  supervisory  lamp.  Lamp  jacks  are  usually  arranged  in 
banks  of  ten,  and  are  so  constructed  that  they  may  be  readily 
installed  or  removed  from  the  back  of  the  board.  Alterna- 
ting with  the  strips  of  line-lamp  jacks  and  corresponding  in 
number  are  mounted  the  necessary  answering  jacks,  which 
are  also  arranged  in  banks  of  ten,  mounted  on  from  -fo-  to 
1-inch  centers,  the  construction  of  the  banks  being  the  same  as 
for  the  multiple  jacks,  which  are,  however,  arranged  in  banks 
of  twenty,  mounted  on  from  t^-  to  i-inch  centers. 

42.  The  Dean  Electric  Company  constructs  its  lamp 
jacks  entirely  from  metal,  with  hard-rubber  insulation  for 
the  contact  springs,  as  shown  in  Figs.  22,  23,  and  24.  The 
line-lamp  jacks  are  mounted  on  a  rigid  metal  strip,  and  pro- 
vided with  protecting  covers  and  removable  number  plates, 
as  shown  in  Fig.  22. 

The  line-lamp  cover  is  made  in  the  form  of  a  guard  from 
tempered  spring  steel,  so  as  to  prevent  breakage  of  the 
translucent  covers,  also  breakage  of  the  'lamps  by  operators 
carelessly  pushing  the  tip  of  the  answering  plug  through 
them.  This  is  a  big  item  where  no  protection  is  used.  In 
some  cases,  as  many  as  one-half  of  the  line-lamp  caps  have 
been  broken  in  a  few  months.  These  caps  are  removable, 
being  held  in  place  by  spring  pins  that  pass  through  holes 
in  the  lamp-jack  mounting.  The  numbers  that  are  furnished 
in  these  caps  are  removable  and  interchangeable. 

The  use  of  a  metal-frame  lamp  jack  serves  to  radiate  the 
heat  from  the  lamp  very  quickly;  furthermore,  the  metal  will 
not  become  soft  and  warp  as  in  the  rubber  lamp-jack  strip. 
Forty- volt  systems  require  this  new  construction,  due  to  the 
greater  dissipation  of  energy,  the  lamps  requiring  nearly  twice 
the  watts  as  for  the  24-volt  svstem. 

43.  Fig.  23  shows  a  supervisory  jack  of  tubular  form, 
the  tube  extending  through  the  key  shelf  so  as  to  be  flush 
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pritb  the  top  surface.  This  provides  a  metal-bushed  hole 
^r  retaining  the  lamp  cap  r.  This  lamp  cap  is  made  with  a 
leavy  German-silver  removable  guard  b  that  threads  over 
B  opal  rf  on  r  so  as  to  serve 
^^8  a  protection  for  ihe  opal. 
The  pilot-lamp  jack  and  cap 
shown  in  Fig.  24  are  made 
similar  to  the  supervisory 
lamp  jack  and  cap.  except 
that  the  cap  and  neck  of  the 
jack-tube  are  larger  and  that 
no  guard  is  provided  for  the 
cap.  The  same  size  of  lamp 
is  used  in  all  these  jacks,  the 
pilot  jack  utilizing  more  of 
the  light  so  as  to  give  a  larger 
siffnal. 

44.     KellOKjc    Lamp 

Jfucka.— In    Fig.   26    (a)    is  ''"■  ^ 

ihown  a  single  supervisory  lamp  jack;  and  at  b.  a  strip  of 

ive  transfer,  or  trunk,  lamp  jacks  with  one  taken  apart,  as 

made  by  the  Kellogg  Switchboard  and  Supply  Company. 

"he  lamp  /  has  for  terminals  two  strips  of  brass  cemented 

1  the  glass  and  extending  backwards,  the  two  strips  being 

insulated    from    each   other   by    a    small    block    of    wood. 

lien   the   lamp   is  slipped  into  tlie   lamp  jack,  these   two 

engage   with  Ihe  jack-springs.     The   lamps  may  be 

Inserted  and  removed  from  the  front  of  the  switchboard  by 

Ibe  aid  of  the  lamp  extractor  ;. 

Each  lamp  is  protected  by  a  lamp  cap^.  which  also  serves 

\  sort  of  number  plate.     The  cap  may  be  readily  removed 

'  the  use  of  Ihe  lamp-cap  extractor  </.     The  lamp  cap,  as 

diown  at  (f ) ,  consists  of  a  shoulder  e  that  ts  screwed  over  the 

fibular  portion  f,  and  three  disks  held  in   place  between 

Kp  aod  4     "^^^  mica  disk  o  is  nearest   the  lamp;  on  it  is 

L'placed  Ibe  paper  disk  ».  bearing  the  number,  while  Ihe  glass 

diak  m  covers  and  protects  the  mica  and  paper  disks.    When 
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the  lamp  is  burning,  the  number  on  the  paper  disk  shows  up 
clearly.  Ordinarily,  the  operator  is  not  concerned  with  the 
number  of  the  line  she  is  answering;  she  simply  sees  the 
signal  and  plugs  into  the  jack  immediately  above  it.  But  at 
times,  such  as  when  a  lineman  is  testing,  it  is  convenient  for 
her  to  be  able  to  know  at  a  glance  the  number  of  the  line  on 
which  a  call  comes  in.     Should  an  operator  carelessly  punch 
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a  plug  through  the  disks,   it  may  readily  be  repaired  by 
unscrewing  the  shoulder  and  inserting  new  disks. 

45.  The  arrangements  of  the  ringing  and  listening  keys, 
lamp  signals,  lamp  jacks,  and  spring  jacks  should  leave  all 
working  parts  readily  accessible  for  inspecting  and  testing 
from    the   front   of   the   board.      The   operators'    receivers 
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should  be  provided  with  a  cord  and  plug  so  they  may  be 
attached  and  detached  at  a  cut-in  jack  in  each  position, 
mounted  underneath  the  key  shelf. 


AUXILIARY   EXCHANGE   DEVICE8 

46.  In  large  exchanges  especially,  many  special  devices 
are  used  to  facilitate  and  render  less  laborious  the  work 
required  of  the  operators.  A  few  such  devices  will  be 
explained  here  and  others  in  connection  with  the  systems  with 
which  they  are  used. 

BUST-   AND    TONE-TEST    SIONAIiS 

47.  Use  of  PboiioKraphs. — In  one  large  transfer  switch- 
board system,  phonographs  were  used  to  do  a  large  part  of 
the  talking  that  the  operators  usually  do.  Two  phonographs 
were  used,  one  of  which  constantly  repeated  the  sentence, 
"Busy,  please  call  again,"  while  the  other  repeated  the  sen- 
tence, "Subscriber  called  for  does  not  reply."  Each  of  these 
instruments  repeated  into  a  transmitter  connected  in  a  local  cir- 
cuit with  an  induction  coil  in  the  ordinary  way.  The  terminals 
of  the  secondary  coils  of  the  "busy"  and  "does  not  reply" 
phonographs  were  connected  with  spring  jacks  on  the  various 

ictions  of  the  board.  When  an  operator  found  that  a  line 
called  for  wgs  busy,  she  merely  inserted  the  plug  that  would 
be  used  to  complete  the  connection  into  the  phonograph  jack, 
and  the  phonograph  repeated  its  sentence  to  the  subscriber. 
In  a  similar  manner,  an  operator  could  inform  the  catling 
fiubscriber  that  the  called-for  subscriber  did  not  respond. 

The  use  of  these  phonographs  not  only  saved  the  time  of 
the  operators,  but  frequently  prevented  the  anger  of  a  disap- 
pointed subscriber  from  grating  on  her  nerves;  and  this  is 
an  important  consideration,  especially  in  very  busy  times  of 
day,  when  the  nerves  of  the  operator  are  necessarily  heavily 
faxed. 

48.  Tone  tests  may  be  obtained  by  interrupting  a  cur- 
leat  a  sufficient  number  of  times  per  minute  to  produce  a 
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musical  sound  if  it  passes  through  a  telephone  receiver. 
Currents  of  this  kind  are  used  for  various  purposes,  such  as 
notifying  the  subscriber  that  the  line  he  is  calling  for  is  busy, 
or  an  operator  that  the  line  she  has  a  call  for  is  out  of  order 
or  connected  to  a  toll,  or  long-distance,  line.  These  currents 
for  producing  different  tones  are  made  available  for  every 
operator  at  a  switchboard,  by  having  jacks  that  are  connected 
to  the  source  of  this  current,  multiplied  at  each  position,  as 
shown  in  Fig.  26. 

JOOOO/nffrnpfi/dns 
ptrmtn 


Condtns^ 


Muff^  %/^c^s  uf  Swftehbom^ 


Pio.  26 


A  busy  back  is  an  arrangement  for  automatically  notify- 
ing a  subscriber,  by  some  form  of  signal,  that  the  party 
desired  is  engaged  in  conversation.  The  use  of  busy  phon- 
ographs for  this  purpose  has  already  been  explained.  In 
modern  exchanges,  tone  tests  are  used  for  busy-back  and 
other  signals.  The  operator  sends  a  busy-back  signal  by 
inserting  the  calling,  or  as  it  is  frequently  termed,  the  con- 
necting, plug  in  a  busy-back  jack. 

49.  Tone  Test  for  Otber  Purposes. — If  an  operator 
wishes  to  put  a  tone  test  on  a  line  in  order  to  reserve  it  for 
a  long-distance  connection,  she  inserts  a  plug  in  the  jack 
connected  with  the  tone-test  circuit.  The  other  plug  of  the 
pair  she  inserts  in  the  multiple  jack  of  the  line  to  which  she 
wishes  to  apply  the  tone  test.  Any  other  operator  testing 
this  line  will  hear  the  musical  tone,  which  informs  her  that 
the  line  is  being  held  for  a  toll  connection. 

The  interrupted  current  is  usually  obtained  either  by  a 
revolving  break  wheel,  or  some  form  of  commutator,  usually 
attached  to  the  ringing  generator,  or  by  a  buzzer  and  battery. 
Sometimes,  the  interrupted  circuit  is  further  interrupted  so 
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as  to  give  a  break  in  the  musical  tone,  making  the  signal 
more  distinct,  or  to  give  another  signal  having  a  different 
meaning.  In  Figs.  26  and  27  are  shown  arrangements 
that    may    be   used    for    this    purpose.     Current    from    By 


"FT 


fn^*tction  Cotf 


To  Sw/fcftdosnf 


Con^tns^r 


Fig.  27 


Fig.  26,  after  being  interrupted  by  commutator  m  may  be 
used  for  one  test;  while  the  same  current,  after  passing 
through  commutator  n  may  be  used  for  some  other  test. 

A  line  that  is  out  of  order  should  have  the  thimble  of  its 
jacks  connected  to  a  source  giving  a  shrill  hummfng  sound 
until  the  line  is  clear.  An  operator  testing  such  a  line 
knows  the  meaning  of  the  sound  and  so  informs  the  calling 
subscriber. 


POSITION    SWITCHING    KEYS 

50.  It  is  very  often  desirable,  during  the  night,  or  such 
other  times  as  but  few  calls  are  being  received,  to  be  able 
to  connect  the  listening  and   ringing  keys  at  two  or  more 


Rosfffon/. 


Portion  ^. 
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positions  together,  so  that  an  operator  at  one  position  may 
be  able  to  attend  to  two  or  more  positions.  To  assist  in 
doing  this,  her  receiver  cord  may  be  long  enough  to  allow 
her  to  walk  in  front  of  the  necessary  positions;  or,  better 
still,  she  may  be  provided  with  a  breastplate  transmitter  and 
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receiver  set  with  a  twin  plug  that  she  can  insert  in  a  jack  in 
the  front  of  the  key  shelf  at  any  position.  The  keys  used 
for  connecting  together  two  or  more  operators*  listening 
sets  are  called  position  si^ltcliln^  keys,  and  one  arrange- 
ment of  such  a  key  is  shown  in  Fig.  28.  By  closing  the 
key  k,  the  listening  circuits  at  the  two  operators*  positions 
are  connected  together,  thus  enabling  one  operator  to  attend 
to  two  positions.  A  similar  circuit  and  key  between  posi- 
tion 2  and  a  third  position  will  enable  one  operator  to  attend 
to  three  positions,  etc.  This  arrangement  has  the  objection 
that  two  or  more  operators*  listening  sets  are  connected  in 
parallel  when  listening  across  a  circuit. 

51.  Another  arrangement  whereby  all  the  listening  keys 
at  two  positions  may  be  connected  to  the  operator*s  set  at 
either  position  is  shown  in  Fig.  29.  Wires  a,  b  run  to  the 
operator*3  set  at  position  i;  d^  c  to  operator's  set  at  position  2; 
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p,  o  to  all  listening-key  contacts  at  position  1\  and  «,  nt  to  all 
listening-key  contacts  at  position  2.  Each  operator's  set  is 
not  connected  as  usual  directly  to  the  listening-key  contacts 
at  its  own  position,  but  only  to  one  of  the  keys  k^  k\  as 
shown  in  this  figure.  With  both  keys  ky  k'  in  their  normal 
or  unused  positions,  the  listening  keys  at  position  1  are  con- 
nected to  the  operator's  set  at  position  :/,  and  the  listening 
keys  at  position  2  are  connected  to  the  operator's  set  at 
position  2  as  usual.  With  the  key  k^  closed,  all  the  listening 
keys  at  positions  1  and  2  are  connected  to  the  operator's  set 
at  position  1,  and  the  operator's  set  at  position  2  is  discon- 
nected. Similarly,  with  the  key  k  closed,  all  the  listening 
ing  keys  at  positions  1  and  2  are  connected  to  the  operator's 
set  at  position  2,  and  the  operator's  set  at  position  1  is  dis- 
connected.    With   both  keys   closed,  the  listening  keys   at 
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position  /  are  connected  to  the  operator's  set  at  position  2, 
and  the  listening  keys  at  position  2  are  connected  to  the 
operator's  set  at  position  /.  There  would  be  no  object  in 
closing  both  the  keys  in  this  manner.  The  switching  key 
may  consist  of  two  separate  keys  or  of  one  combined  key, 
the  handle  of  which  may  be  used  to  close  either  side  of  the 
key. 

The  same  switch  and  connections  may  be  used  to  connect 
the  ringing  keys  at  two  or  more  sections  together,  when 
the  operator  must  use  a  hand  generator  located  at  her  own 
position.  When  applied  to  ringing  circuits,  the  wires  p,o 
should  be  connected  to  the  ringing  keys  at  position  1,  and 
the  wires  «,  m  to  the  ringing  keys  at  position  2,  while  the 
wires  a./>  should  be  connected  at  position  /  to  the  hand 
generator,  and  (/,  c  to  the  hand  generator  at  position  2.  When 
a  power  generator  or  pole  changer  is  used  at  all  limes,  there 
is  no  need  to  connect  ringing  keys  in  this  manner. 


SWITCHBOARD   STMBOLS 
52.     ConBti-uctlon  of  Indlt-atlng  PIhks.— The  use  of 
plugs  inserted  in  line  jacks  to  indicate  to  the  operators  irreg- 
ular conditions  of  Imes  has  been  adopted  by  practically  all 
exchanges.     By  their  use.  the   operator's  alleation  can  be 


01 -1 


aio 


called  to  telephones  discontinued,  out  of  order,  etc.,  when 
she  starts  to  make  a  connection  with  such  a  line.  It  also 
saves  the  placing  of  lists  of  lines  in  such  conditions  on  the 
face  of  the  board. 

Fig.  30  in)  shows  the  ordinary  plug  used  for  the  purpose. 
This  plug  is  made  of  wood  fiber  or  pressed  paper  and  can  be 
obtained  in  different  colors  or  marked  in  any  suitable  manner 
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to  indicate  different  conditions  of  the  line  in  whose  jacks  it  is 
placed. 

Small  exchangees,  as  well  as  larg^e  ones,  can  use  these 
plugs  to  good  advantage,  although  two  or  three  styles  may  be 
all  that  are  required.  Where  only  a  small  number  of  such 
plugs  are  required,  a  cork,  colored  suitably,  may  be  used; 
but  corks  have  the  serious  objection  of  chipping  off  and 
finally  getting  pushed  into  the  jack.  Corks,  which  may  be 
obtained  at  drug  stores,  should  be  larger  than  the  jack  and 
placed  as  shown  in  Pig.  30  (d).  A  cheap  and  substantial 
substitute,  as  shown  in  Fig.  30  (r),  may  be  made  of  common 
gilt  upholstery  nails  ^,  d  and  a  cylinder  of  wood  ^  the  size  of  the 
jack,  and  about  f  inch  in  length.  The  wood  can  be  obtained 
in  pieces  several  feet  long  from  any  cabinetmaker,  who  uses 
them  for  dowel-pins,  and  can  be  easily  cut  in  sections  of  the 
required  length  with  a  knife.  It  may  be  necessary  to  drill 
a  hole  for  the  nail  to  avoid  splitting.  The  round-headed 
upholstery  tacks  may  be  used  for  telephones  discontinued, 
and  the  pointed  ones  for  lines  that  are  out  of  order.  They 
are  put  in  place  by  the  chief  operator  at  the  wire-chief's 
orders.  When  a  line  is  all  right,  the  plug  is  of  course 
removed.  Other  uses  of  these  plugs  will  occur  to  any  man- 
ager and  will  make  operating  easier. 


STANDARD    USE    OF    INDICATING    PLUGS 

53.  In  1905,  the  National-Interstate  Telephone  Associa- 
tion adopted  a  standard  set  of  rules  for  use  in  the  operation 
of  telephone  exchanges.*  Since  these  rules  are  quite  long, 
only  those  relating  to  switchboard  symbols  will  be  given 
here. 

These  symbols  are  so  well  shown  in  Figs.  31,  32,  and  33 
as  to  require  very  little  explanation.  The  pay-station  toll 
device,  number  .?,  Fig.  82,  is  made  by  merely  putting  a  pro- 
tecting glass  opal,  such  as  used  in  exchanges  having  small 
lamps  as  signals,  over  the  ordinary  lamp  used  as  a  line  signal. 

*These  niles  were  published  in  full  in  Telephony  of  Chicago  for 
August,  1905,  and  other  telephone  journals  of  about  the  same  date. 
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In  small  exchangees,  where  an  out-of-order"  tone  test  is  not 
in  use,  a  white  plug  should  be  used»  as  indicated  at  1,  Fig.  31; 
this  would  be  an  indication  to  the  operator  that  the  line  is 
out  of  order.  Also,  where  the  exchange  is  not  large  enough 
to  warrant  a  separate  desk  outfit  for  a  monitor  operator,  a 
list  should  be  posted  on  the  board;  and  where  instructions 
direct  the  operator  to  refer  a  call  to  the  monitor,  the  operator 
should  refer  to  her  list  for  the  information  desired. 

54.  A  yellow  mark  enclosing  two  or  more  multiple 
iacks,  as  shown  at  number  i.  Fig.  33,  indicates  that  if  the 
first  line  is  busy,  don*t  answer,  or  out  of  order,  the  second, 
third,  etc.  should  be  tried  in  the  order  named.  A  red  mark 
enclosing  a  number  of  lines,  number  2,  Fig.  33,  should  be 
handled  the  same  as  those  enclosed  in  yellow  lines,  except 
that  the  lines  enclosed  in  red  are  private  branch-exchange 
trunk  lines  and,  as  usually  constructed,  must  not  be  rung 
when  the  connection  is  first  made.  If,  however,  at  the  end 
of  30  seconds,  the  private  branch-exchange  call  has  not 
been  answered,  the  operator  should  say,  **ril  call  them 
again,*'  and  will  then  ring  in  the  usual  manner. 

A  yellow  mark  over  an  individual-line  multiple  jack,  as  at  5, 
indicates  that  this  subscriber  is  being  called  by  mistake,  or 
otherwise  annoyed,  and  all  calls  will  be  referred  to  the 
monitor  or  list,  as  the  case  may  be,  to  determine  the  correct- 
ness of  the  call  before  the  same  is  made. 

A  red  mark  over  an  individual-line  multiple  jack,  as  at  4, 
indicates  that  the  subscriber  is  having  some  trouble  in 
getting  his  calls,  and  all  **don*t  answers"  on  such  lines 
should  be  immediately  reported  to  the  manager. 

55.  On  party  lines,  where  the  number  has  been  changed, 
telephone  taken  out,  or  the  line  is  being  watched  for  any 
other  reason,  calls  for  such  numbers  should  be  referred  to 
the  monitor  or  list,  and  will  be  designated  as  follows:  A 
yellow  mark  representing  a  quarter  circle  on  the  upper  left- 
hand  corner  of  the  multiple  jack,  number  5,  indicates  the 
first  party  on  the  line,  etc.  In  magneto-exchanges,  the  same 
symbol  as  is  used  on   line   opals   will  be   painted   on   the 
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subscriber's  drop,  so  that  such  symbols  will  be  seen  plainly 
when  the  drop  falls. 

66.  Out-of-Order  Cords. — In  case  one  or  both  cords 
of  a  pair  get  out  of  order,  a  small  rubber  ring  (a  number  of 
which  should  be  placed  at  each  operator's  position)  should 
be  placed  around  the  plug  until  such  cord  has  been  repaired. 


PEG  COUNT  IN  LARGE  EXCHANGES 

67.  A  record  of  the  number  of  calls  made  per  hour  at 
each  operator's  position  for  one  day  is  called  a  peg  count. 
In  large  exchanges,  where  the  operators  handle  flat-rate, 
message-rate,  and  pay-station  calls,  the  calls  in  each  class 
are  usually  recorded  on  tickets  that  differ  in  some  respect 
for  each  class.  In  such  exchanges,  a  method  of  making  a 
peg  count  that  has  proved  satisfactory  is  about  as  follows: 

When  the  peg  count  is  to  be  made,  these  tickets  are  col- 
lected hourly,  stamped  with  the  date  and  hour  in  which  the 
calls  originated,  and  sorted  out  according  to  the  three  classes 
mentioned.  The  operators  at  incoming  trunk  positions 
should,  preferably,  be  provided  with  registers  operated  by 
hand,  one  register  being  provided  for  each  group  of  trunks. 
For  each  incoming  call,  the  operator  presses  the  register 
and  its  reading  is  recorded  by  a  messenger  or  clerk  at  the 
end  of  each  hour.  The  peg  count  furnishes  information  that 
shows  the  amount  of  business  each  operator  is  handling 
each  hour  of  the  day,  and  by  comparing  these  results  with 
the  figures  that  experience  shows  to  be  correct,  the  efficiency 
of  operation  may  be  judged.  For  example,  if  the  peg  count 
shows  that  the  average  calling  rate  per  line  for  flat-rate  lines 
is  12  calls  per  day,  then,  on  the  basis  that  an  operator  can 
handle  1,800  flat-rate  calls  per  day,  it  shows  that  each  opera- 
tor's position  for  handling  lines  of  this  character  should  be 
eciuipped  with  150  lines;  and  as  the  standard  central-energy 
board  usually  contains  positions  for  three  operators,  this 
would  require  450  lines  per  section  of  the  switchboard.  If  the 
average  calling  rate  per  message-rate  line  is  4,  and  the  opera- 
tor's load  is  800  calls  per  day,  each  operator  can  handle  200 


§19  TELEPHONE-SWITCHBOARD  APPARATUS   39 

^^      Indicates  that  line  is  out  of  order. 

*@       Indicates  that  subscriber  is  disconnected  for  non-payment. 
^0       Indicates  the  number  to  which  subscriber  was  changed. 
^  ^       Calls  for  lines  thus  plugged  to  be  referred  to  monitor's  desk. 

Pio.31 

Red. 
Yellow. 


f^^       No  toll  subscriber;  that  is,  this  subscriber  is  not  to  be  con- 
.    w  nected  to  long  distance. 

*(•)       Pay-station  subscriber. 

3@       Pay-station  subscriber  having  toll  device. 

4^       Pay-station  subscriber  having  free  service  to  doctors*  tele- 
w  phones. 

tfQ       Measured-service  subscriber. 
6^       Five-cent  toll  subscriber. 

-— Yellow  line. 

— —    Red  line.  , 

1|Q  Oi  I*i<i^cates  two  telephones  for  same  subscriber. 

2^C^'  Cy.  Indicates  two  private  branch-exchange  lines  for  same  sub- 
L>r<.^Wj      scri  ber . 

8  Q       Refer  calls  for  this  line  to  monitor's  desk. 

4  Q       Maintain  record  of  don't-answer  calls  on  this  line. 

a     ^^  Refer  JV  (or  first  party  on  line)  calls  to  monitor's  de.sk. 

0     (^  Refer  /^  (or  second  party  on  line)  calls  to  monitor's  desk. 

7     \^  Refer  L  (or  third  party  on  line)  calls  to  monitor's  desk. 

5  @;  Refer  A'  (or  fourth  party  on  line)  calls  to  monitor's  desk. 

9  (2)  Refer  X  (or  fifth  party  on  line)  calls  to  monitor's  desk. 

10  (^  Refer  F  (or  sixth  party  on  line)  calls  to  monitor's  desk. 
U   Q  Refer  J  (or  seventh  party  on  line)  calls  to  monitor's  desk. 
19  Q)  Refer  V  (or  eighth  party  on  line)  calls  to  monitor's  desk 

Pio.33 
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such  lines,  and  the  equipment  per  section  of  the  board 
should  be  600  lines.  If  the  average  calling  rate  of  the 
pay-station  lines  is  4,  and  the  operator  can  handle  »500  such 
calls  per  day,  about  375  lines  may  be  allowed  per  section. 

68.  By  keeping  an  hourly  peg  count  at  the  ring-down 
trunk  positions,  it  is  easy  to  determine  when  circuit  trunks 
should  be  substituted  for  ring-down  trunks;  and  also,  by 
similar  data  taken  on  common  trunk  circuits,  when  it  is 
advisable  to  change  from  common  to  ring-down  trunks. 
The  circuit  trunk  is  probably  the  most  efficient  method  for 
handling  traffic  where  there  are  more  than  75  calls  each  way 
per  day  between  two  exchanges.  These  various  kinds  of 
trunk  circuits  will  be  explained  in  connection  with  Bell  trunk 
circuits.  In  distributing  the  load  among  the  various  sub- 
scriber operators,  the  manager  must,  of  course,  have  some 
knowledge  concerning  the  relative  number  of  calls  made 
per  day  by  the  various  subscribers,  so  that  the  busy  sub- 
scribers can  be  distributed  at  the  intermediate  rack  among 
the  various  operators  so  as  to  equalize  the  work  required  of 
each  operator. 

59.  Uniform  answering  with  rapid  and  accurate  service 
can  only  be  accomplished  by  giving  an  operator  enough 
calls  to  keep  her  busy  and  not  more  than  she  can  handle 
properly,  and  by  minimizing  the  work  on  each  call.  The 
service  may  be  considered  as  good  in  large  central-energy 
exchanges  when  the  average  answering  is  in  6  or  7  seconds, 
and  when  about  95  per  cent,  of  all  calls  are  answered  within 
10  seconds.  This  grade  of  service  is  obtained  only  under 
favorable  conditions  with  the  operator  continuously  under  a 
competent  supervising  operator,  who  works  under  a  chief 
operator.  The  practice  in  large  exchanges  is  to  have  one 
supervisor  for  every  eight  or  ten  operators. 


INDEX 


Note. — All  items  In  this  index  refer  first  to  the  section  and  then  to  the  pa*re  of  th« 
sc^ction.  Thus,  "Construction  and  desi^fn  of  rcijeating  coil,  §11,  p36,"  means  that  construc- 
tion and  design  of  repeating  c«.>il  will  be  found  on  page  36  of  section  11. 


A,  or  originating,  operator,  §14,  p3. 
Acoustics.  §1,  pi. 

Action  between  primary  and  secondary  coils, 
§1.  p42. 
of  lightning  arresters,  §8,  p20. 
of  magneto-telephone  as  a  receiver,  §1,  p23. 
of    magneto- teleph(jne    as    a    transmitter, 

§l.p23. 
of  Reis's  apparatus,  §1,  pi 7. 
of   two    miignoto-instrunients.  Mutual,  §1, 

1)24. 
Rcvitrw  of  microphonic,  §1.  p.'39. 
Adams-Randall  transmitter.  §4.  p20. 
Adjustaphone,  §S,  plO. 
Adjustment  of  i>jlarizert  bell,  §6,  p44. 
of  transmitter,  §4.  p36. 
of  vibrating  bt-U,  §,'>,  i>40. 
Advantages  of  branch- terminal  switchboard, 

§14,  p37. 
Aerial  circuits.  Loaded.  §11,  p30. 
Alternating  and  direct  currents  in  portions 
of  same  circuit,  §2,  p2G. 
current,  §2,  ppl,  2. 
-current  relay,  §10,  pl8. 
-current  test  of  cf)ndensers,  §5,  p35. 
-current  wave.  Complex,  §2,  p(J. 
-current  waves,  §2,  p2. 
currents.  Effect  of  cai)acity  on,  §2,  pl4. 
currents.  Effects  «if  inductance  on,  §2,  p9. 
American  Electric  Fuse  Company's  self-sold- 
ering heat  cartridjjes.  §8,  p35. 
Electric    Telephone    Company's    meclian- 

ically  restoring  dnjp,  §13,  p4. 
Electric    Tt:lephone    Company's    receiver, 

§3.  pl2. 
Electric    Telephone    Company's    tubular 
dmp.  §12.  p28. 
Amplitude,  §1,  p7. 
Analysis  of  curves,  §2,  p4. 


Angle  of  lag,  §2.  pl2. 

of  lag  or  lead.  Tangent  of,  §2,  p25. 

of  lag.  Tangent  of,  §2,  p22. 

of  lead,  §2,  pl8. 

of  lead.  Tangent  of,  §2,  p23. 
Answering  and  calling  plugs.  Definition  of, 

§12.  pl2. 
Antihum  devices,  §10,  p43. 
Anvil,  §1,  i>4. 
Apparatus  for  calling,  §.5,  y>36. 

Inductance  of  telephone,  §2,  pp7,  8. 
Appnjved  rublier- covered  wire,  §i),  p2r>. 
Armature  of  magneto-generator,  Gjnstruction 

of,  §6,  pir. 
Armatures.  Laminated  co;^es  for  generator, 
§(i.  Pl2. 

Winding  magneto -generator,  §6,  pl3. 
Arms  for  transmitters,  §8,  p7. 
Arrester  and  fuse  made  by  Cook,  §8,  p25. 
Arresters.  Combined   static  and  fusible,   §8, 
p20. 

Lightning,  §8,  pl8. 
Articulate  speech,  §1,  pl4. 
Attenuation.  §11,  plO. 

constant,  §11,  pi 2. 
Audibility,  Limits  «»f,  §1,  p20. 
Audible  and   visible   signal.  Combined.   §12, 

t>30. 
Atitomatic  p«-»le-changer  starter,  §13,  i)30. 

shunt  for  Iloltzcr-Cab-it  magneto-gcmrator 
§0.  p2U. 

shunts  for  magnito-^;onerators,  §0.  i)32. 

switchboards.  Definition  of,  §12,  pi. 

B 

B,  or  incoming-trunk,  operator,  §14,  p3. 
BackKard  for  wall  telephone.  §9,  p21. 
Balanced  and  unh;ilanced  circiits,  §10.  p28 
Bare  overhead  l<.iaded  lines,  §11,  pl8. 
Batteries  fur  telephone  work,  §5,  p26. 
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Batteries — (Continued) 

for  transmitters,  §5,  p29. 

Life  and  renewal  of  Leclanch^,  {5,  p29. 

Location  of  local.  J9.  p22. 
Battery  box  for  telephone  instruments,  {8 
p9. 

call  in  telephone  exchanj^es,  {5,  p43. 

call,  Limitations  of,  {5,  p43. 

calls.  §5,  p37. 

Storage,  js.  p30. 

transmitters,  Jl,  p28. 
Bearings  for   magneto-generator  armatxires, 

J6.  pl9. 
Bell.  Bridging  extension,  §7,  p33. 

desk  set,  §7,  p25. 

-express,   American    Electric,   switchboard 
circuit.  513.  p23. 

Loud-ringing  battery.  55,  p42. 

pony  receiver,  53,  p4. 

Series-extension.  57,  p32. 
Bell's  early  instruments,  51i  pl9. 
Bells.  Biased,  56.  p43. 

Extension,  57,  p38. 

Polarized.  50.  p40. 

Series  and  bridging,  56,  p43. 

Vibrating.  55,  p37. 
Berliner's  transmitter,  51.  p30. 
Biased  bells.  56.  p43. 
Binding  posts.  58,  p5. 

posts  for  receivers,  53,  p31. 
Bipolar  receivers,  53,  ppl,  4. 
Blake  transmitter.  54,  p2. 
Bourscul's  proposed  method.  51.  pl5. 
Branch -terminal   multiple  switchboard,  514, 
I>30. 

-terminal    multiple    switchboard,    Advan- 
tages of,  SH.  r>''J7. 
Breast-i)latc  transmitters,  54,  p23. 
Bridging  bells,  56,  p43. 

desk  telephone,  57,  p25. 

extensitm  bells,  57,  p32. 

instruments.  57,  p21. 

wall  and  desk  telej^hone.  Dean.  57.  p27. 
Bushings  for  switchboard  cords,  Split,  §12.p41. 
Busy  te;>t  for  multiple  switchboard,  514,  pl8. 

C 

Cabinet  desk  sets,  58.  pl6. 

desk  sets,  Installing,  59,  p22. 
Cable  conductors.  Loaded,  511.  p27. 

Moisture  in.  §2,  p31. 
Cables,  ExiK*riments  with  loaded.   $11.  pl7. 
Calculations  of  magnet  winding,  ff),  plo. 
Call-receiving  device,  512.  i>3. 
Calling  and  answering   plugs.   Definititm   of, 
512.  pl2. 

apparatus,  55,  p37. 


Capacity  and  inductance  of  overiiead  wirea 
52.  p37. 

between  telephone  and  high-potential  cir> 
cults,  510,  p39. 

Distributed,  52,  p31. 

Electrostatic,  52.  pl3. 

Instruments  depending  on,  51,  p43. 

of  line  wires.  Electrostatic.  52,  p38. 

of  line  wires.  Formulas   for  electrostatic, 
52,  p38. 

of  overhead  wires.  Electrostatic,  52,  p36. 

on  telephonic  waves,  EflFect  of,  52,  p22. 

test  of  condenser,  55,  p35. 
Carbon-ball  transmitter,  54,  p5. 

blocks  for  lightning  arresters,  58.  p22. 

electrodes.  Polishing,  54.  p32. 

for  transmitters.  Quality  of  granular,  54  p35. 

for  use   in    transmitters.   Peculiar   adapt- 
ability of,  51,  p38. 

transmitter,  Granular,  51.  p33. 

transmitter  of  Edison.  51.  p30. 
Cartridges,  Self-soldering,  58,  pp33,  37. 
Carty's  experiments  on  cross-talk,  510.  p6. 
Causes  of  noises  in  telephone  circuits,  510,  pi. 
Cells,  Dry,  55,  p30. 

FuUer,  55.  p30. 
Central-energy  systems.  Induction   coils  for, 

55.  p8. 
Centrifugal  shunt  for  magneto-generator.  56. 

p33. 
Century  Telephone  Construction  Company's 

receiver.  53.  pi 5. 
Chain-driven  magneto-generator,  56,  p27. 
Characteristics  of  sound,  51.  pH. 
Chattering  of  relays,  To  prevent,  519,  p22. 
Choke  coils,  52.  p28. 
Circuit-closing  attachment.  Magneto,  57,  p36. 

-closing  devices.  57,  p34. 

of  Post  telephone,  57,  p3. 

of  Western  Electric  No.  2  telephone,  57,  p5. 

Resistance  of  telephone,  52.  p29. 
Circuits.  Balanced  and  unbalanced,  510,  p28. 

for  magneto-switchboards.  513.  pl8. 

Inductance  of  telephone,  52,  p31. 

of  local-battery  telephones,  57.  p3. 

of  telephone   instruments.57.pl. 

Prot)erties  of  telephone,  52,  pi. 
Qaims  of  Pupin,  511.  p21. 
Classification  of  microphone  transmitters,  iA, 
p2. 

of  receivers,  53.  pi. 

of  switchboards,  512,  pi. 
Clausen  switchboard  pliig.  512,  p35. 
Gearing-out   difficvdties.   Remedies  for,   512 
p2(). 

-out  drop  and  repeating  coil,  512,  p22. 

•out  drop.  Double-wound,  512.  p22. 
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Oearitifir — (Continued) 

-out  drops.  Difficulties  with.  (12.  pl9. 
Clearness,  Test  of  induction  coils  for,  {5,  pll. 
aeat.  Porcelain.  $9.  p28. 
CoUs.  Choke.  §2.  p28. 

designated  by  their  resistance,  {5.  pl5. 

for  receiver,  §3,  p29. 

Heatin^r  effect  of  current  in,  (5,  p24. 

Impedance.  {2.  p28. 

Inductance,  §2,  p28. 

Retordation.  §2.  p28. 
Columbia    Telephone    Manufacturing    Com- 
pany's receiver,  §3,  pl7. 
Colvnn  transmitter,  §4,  pl8. 
Combination  cord  clamp,  J3,  p34. 
Combined  audible  and  visible  sij^nal,  (12  p30. 

effect  of  resistance,  inductance,  and  capac- 
ity, §2.  p24. 
Commercial  forms  of  switchboard  drops,  {12, 
p22. 

repeating  coils,  {11.  p42. 

types  of  magnet<i-Kenerators,  {6,  p23. 

types  of  pjlarized  bells.  §6.  p4.5. 

types  of  tolcphone  receivers,  §3.  pi. 
Common-battery,  or  central -energy,  system. 
Definition  of,  §12.  p2. 

-battery    si^^naling    system.    Definition    of, 
{12.  p2. 

-l»attery     sufH.'rviR«)ry     and     local-battery 
talking  systi-m.  I)ffiniti<in  of.  {12,  i)12. 

-lottery  stipervisory  system.  Definition  of, 
§12,  p2. 

-liattery  wall  telephone.  §8.  pl3. 

-return   and   gmund-retum    systems,    Dis- 
turbances in,  §10.  i>41. 

return.  Gnmnd  on,  §12.  p9. 

-return  leads.  Cause  and  remedy  for  trouble 
on,  {9.  pl6. 

•return  or  grounded  line  switchboard,  {12. 
p5. 

return.  Similar  side  of  each   circuit   con- 
nected to,  {9,  pi 7. 

return.  Size  of,  {9,  pi 3. 

-return  system.  Advantages  of.  {9,  pl2. 

-return  systems,  §9,  i)12. 
Complete  telephone  instruments.  {7,  pl3. 
Complex  altem.iting-current  wave,  {2,  p6. 

wave  motion,  {1,  p9. 
Conc*ealed  or  open  wiring,  {9,  p33. 
Condenser  instruments.  {1,  p42. 

Insulation  resistance  of.  {5,  p36. 

receiver.  {1.  i>43. 

test  with  alternating  current.  {5,  p35. 

Testing.  {5.  pM. 

transmitter.  {1.  p44. 
Condensers.  {2.  pi 3:  {f).  r>31. 

Capacity  tests  of.  {.'3.  jKio. 


Condensers — (Continued) 

Construction  of,  {5,  p31 

Rolled,  {5,  p31. 
Conditions  affecting  telephonic  transmission. 

Electrical.  {2,  pi. 
Conductors,  Flexible,  {12,  p38. 
(Connection    of    grounded  to  metallic- circuit 

lines.  §11,  1)33. 
(Connectors  for  terminal  rack,  {12,  p42. 
Constant.  Attenuation,  {11,  pl2. 
Construction  and  design  of  repeating  coil,  {11, 
p36. 

of  and  materials  for  jacks.  {12,  p33. 

Details  of  receiver.  {3,  p21. 

of  condensers,  §5,  p31. 

of  induction  coils.  §5.  i>6. 

of  magneto-generator  armature,   {6,  pll 

of  magneto-genera tfjrs.  {6,  p8. 

of  p<jlarized  bell.  §6,  p7. 

of  polarized  bells.  {6,  p40. 
Contact.  Electrodes  in  loose.  {1,  p31. 

Heating  effect  at  microi)honic.  {).  p36. 

Theory  of  microphonic  surface.  §1.  i>37. 
Contacts,  Prevention  of  p<x>r  h«xik-switch,  {#. 

p7. 
Continuous  current,  §2.  pi. 
Cook  lightning  arrester  and  fuse.  {8.  p26. 

or  Cook-Beach   transfer  ciniiit,   {14.   i)8. 

self-soldering  heat  coils,  {8,  i>.'i3. 

shunt  for  magneto-generator,  §(l.  i>.33 
Co<jk's    lightning,   fuse,   and    heat-coil    pre 

teetor,  §8.  p34. 
Cord    and    line    circuit    for    small    magneto 
switchboard,  §12.  pll. 

and  plug,  Kellogg,  {12.  p39. 

circuit.  RejK-ating  coil  in.  {13.  p22. 

clamp,  Dean  combination,  §3,  p34. 

connectors  for  plugs,  {12,  p3G. 

fastenings,  {12.  p40. 

tips  for  receiver,  {3.  i>33. 
Cords.  Flexible.  {12.  i>38. 

for  receivers,  {3,  ixi3. 

for  telephone  instruments.  Flexible,  {8,  pt 

Out-of-<.»rder.  {19.  i>;W. 
0>re   cheeks   of  magneto-generators,   Pri>per 

width  of.  {6.  p22. 
Cores  for  rec-civer  magnets,  §3    023. 

Iron  for  receiver.  {3.  p24. 
(Com -plaster  transmitter.  {4.  plO. 
CR  law.  {2.  p35. 
Cross-talk,  {10,  po. 

-talk  between  drops  and  remedies  for  same. 
{12.  pl7. 

-talk.  Carty's  exiwriments  on,  {10,  fifi. 

-talk.  Overcoming,  §10.  pS. 

-talk.  TransjMisitions  to  eliminate.  §10.  pl2 
Current.  Alternating,  {2,  ppl,  2. 


INDEX 


Current — (Contihued) 

•carrying  capacity  of  transmitters,  14,  P24. 

Continuous,  §2,  pi. 

Direct,  52,  pi. 

Minimum  disturbing,  (10,  p5. 

Pulsating.  J2,  pi. 

required  for  transmitters,  {4,  p30. 

waves    produced    by    magneto-geneFator, 
Form  of.  §6,  p21. 
Currents.  Eddy,  §6,  pl2. 

Effect  (;f  capacity  on  alternating,  {2,  pl4. 

Graphic  representation  of  magneto-gener- 
ator, §4,  p6. 
Curve.  Impressed  electromotive-force,  §2,  pll. 

of  sines,  $1,  p8. 
Curves,  Analysis  of,  $2,  p4. 
Cutting  out  operator's  transmitter,  {13,  p26. 
Cycle,  §1,  p7. 

D 

D  and  W  combination  cut-out  or  protector, 

§8.  p38. 
Damping  springs  for  transmitters,  §4,  p30. 
Danger  of  sneak  currents,  §8,  p32. 
Dean  bridging  wall  and  desk  telephone,  (71, 
p27. 

combination  cord  clamp,  {3,  p34. 

desk  tt»lephone,  §8,  pl5. 

ringer,  §6,  p48. 

transmitter,  §4,  pl6. 

enclosed  relay,  §19,  pl2. 

hot»k  sw-itch,  §7,  p9. 

lamp  jacks,  §19,  p28. 

listen mg  and  ringing  keys,  5 13,  pl6. 

method  of  testing  receivers,  J3,  i)35. 

self-restoring  drop  and  jack,  §13,  p7. 

slow-acting  relay.  §19,  p21. 

tarK'ct  signal,  §19,  p3. 
Definition  of  answering  and  calling  plugs,  §12, 
pl2. 

of  automatic  switchboard,  §12,  pi. 

of  central-enerfiy  system,  §12,  p2. 

of  common-battery  system,  §12,  p2. 

of  common-battery  signaling  system,  §12, 
1)2. 

of    common-battery    sui>ervisory    system, 
§12.  p2. 

of    local -battery     talking    and     common- 
]»attcry  sn;>ervisory  system,   §12,   p2. 

of  local-battery- toleplione  systems,  §12,  p2. 

of  niai:n(.to-systc:n,  §12,  pO. 

of  manual  switch bjard,  §12,  pi. 

of  tfleiihune  system,  §12,  pi. 
Design    ami    construction   of   repeating  coil, 
§11.  vM'k 

of  imhiction  coils,  §5,  p2. 

o€  vibrating  bells,  §5,  p39. 


Designs  of  microphone  transniittCTS.  HtP^Si 
Desk  set  of  Bell  Company,  |7,  p25. 

sets.  Cabinet,  §8.  pl6. 

sets.  Installing,  §9,  p22. 

telephone  sets,  §8.  pl4. 
Details  of    magneto-generator  construction, 
§6.  p8. 

df  telephone  instruments,  §8,  pi. 
Determination  of  wave  length,  §11,  pl4. 
DeVeau  transmitter,  §4,  p9. 
Device.  Call-receiving,  §12,  p3. 
Devices,  Antihum,  §10,  p43. 

or  kejrs.  Listening  and  ringing,  §13,  pl6. 
Diagrammatic    representation    of    electrical 

waves,  §2,  p4. 
Diaphragm  for  receivers,  §3,  p27. 

Vibrating,  §1,  p2. 
Diaphragms  for  transmitters,  §4,  p29. 

Material  for  transmitter,  §4,  p29. 

Size  of  transmitter,  §4.  p30. 
Dimensions  of  induction  coils,  §5,  pl3. 

of  load  coils,  §11,  p25. 

of  magnet  wires,  §5,  pl8. 
Difficulties  of  transmission,  §1,  pl5. 

preventing  perfect  transmission,  §2,  p3. 

Remedies  for  clearing  out,  §12,  p20. 

with  clearing-out  drops,  §12,  pl9. 
Direct  and  alternating  currents  in  portions  d 
the  same  circuit,  §2,  p26. 

current,  §2,  pi. 

current.  Fluctuating,  §2,  p29. 

-ciuTent  magneto-generators,  §6,  p>35. 

-current  relays,  §19,  pl6. 

current,  Undulating,  §2,  p29. 
Discontinuity  in  line  circuits.  §10,  pl6. 
Discoveries  of  Hughes,  §1,  p31. 
Distance     between     carbons    for    lightning 
arresters,  §8,  pl9. 

between  telephone  and  disturbing  circuits, 
§10,  p42. 
Distortion,  §11,  pll. 

in  load  coil,  §11,  p24. 

of  telephonic  waves,  §2,  p20. 
Distributed  capacity,  §2.  pp23.  31. 
Disturbances  and  transpositions  of  line  wires, 
§10.  pi. 

due  to  foreign  circuits,  Elimination  of.  §10 
p32. 

due  to  high-potential  circuits,  §10,  p34. 

due  to  light  and  power  circuits,  §10,  p32. 

in   ground-   and   common-return   systems, 
§10,  1)41. 
Disturbing  and  telephone  circuits.  Distance 
between,  §10,  p42. 

current.  Minimum,  §10,  p5. 
Divided-multiple  switchboards,  §14,  p41. 
Double-contact  plug,  §12,  p34. 
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Double —  (Continued) 

•diaphrafi^m  transmitters.  {4,  plO 

-pole  receiver,  Kellogg,  §3,  p9. 

-pole  receivers,  §3,  pi. 

-spring  contact  jack,  J12,  pS2. 

-wound  dearing-out  drop,  §12,  p22. 
Driving   mechanism   of   magneto-generators, 

§6.  p20. 
Drop,  American  Electric  mechanically  restor- 
ing, J 13,  p4. 

American  Electric  tubular,  §12,  p28. 

and  jack  of  Dean  Electric  Company,  Sclf- 
rcstoring,  §13,  p7. 

and     jack.     Self-restoring     tubular     Bell- 
express,  §13,  p7. 

and  repeating  coil.  Clearing-out,  §12,  p22. 

Double- wound  clearing-out,  §12,  p22. 

for  switchboard,  §12,  p3. 

Impedance  of.  §12,  pl2. 

Magnetic  circuit  of,  §12,  p27. 

Warner  tubular,  §12,  p2o. 

Western  Electric  electrically  restoring,  §13, 
p2. 
Drops,    and    remedies   for    same,    Cross-talk 
between,  §12,  pl7. 

Commercial  forms  of  switchboard,  §12.  p23. 

Difficulties  with  clearing-out,   §12,  pl9. 

Electrically  restoring,  §13,  p2. 

for  party  lines,  §12,  p2!). 

General  requirements  of  switchboard,  §12, 
pl6. 

Mechanically  restoring,  §13,  p4. 

Self- restoring.  §13,  pi. 
Drum,  Ear,  §1,  p4. 
Dry  cells.  §5.  p30. 
Durability  of  induction  coils,  §5,  p4. 

E 

Ear.  §1.  p4. 

Early  instruments  of  Bell.  §1,  pl9. 
Earth,  Resistance  of,  §1),  p4. 
Eddy  currents,  §0,  i)12. 
Edison's  carbon  transmitter.  §1,  p30. 
Eflfect  of  capacity  on  alternating'  currents,  §2, 
pH. 
of  capacity  on  telephonic  waves,  §2,  i)22. 
of  heat  at  micn»]»hnnic  contact,  §1,  i).'iG. 
of  inductance  on  teleplionic  waves,  §2,  ii20. 
of    resistance,    indnctaneo,    and    capacity, 

Combined,  §2,  i)2t. 
of  resistance  on  telephonic  waves.  §2.  j)2(). 
Effects  of  inductance  on  alternating'  currents, 

§2,  p9. 
Electrical  code  for  interior  wirintr,  National, 
§9.  p24. 
conditions  affecting  telephonic  transmission, 
12.  pi. 


ElectHcal — (Continued) 

properties  of  telephone  lines,  |2,  ji29. 

waves.  Transmission  of,  §11,  p7. 
Electrically  restoring  drop  of  Western  Electric 
Company,  §13,  p2. 

restoring  drops,  §13,  p2. 
Electrodes  for  transmitters,  §4,  p31, 

in  loose  contact,  §1.  p31. 

Size  and  distance  between  transmitter,  §4. 
p33. 
Electromagnetic  induction  in  line  wires,  §10, 
P2. 

induction.  Law  of,  §6,  pi. 
Electromagnets  of  polarized  bell,  §6,  p40. 
Electromotive -force    cur\'e.    Impressed,    §2, 
pll. 

force  of  self-induction,  §2,  p9. 
Electrostatic  capacity,  §2,  pl3. 

capacity  of  line  wires,  §2,  p38. 

capacity  of  overhead  wires,  §2,  p36. 

induction  in  line  wires,  §10,  p3. 
Elevator  shaft.  Wiring  in,  §9.  p36. 
Elimination  of  disturbances  due  to  foreign 

circuits,  §10,  p37. 
Enclosed  fuses,  §8,  p26. 

relay.  Dean,  §19,  pl2. 
Entrance  of  wires  into  building,  §9,  p27. 
Ericsson  receiver,  §3.  p7. 

transmitter,  §4,  p7. 
Eureka  relay,  §19.  pl4. 
Experiments  in  telephony.  Early,  §1,  pl5. 

of  Reis,  §1.  plO. 

with  loaded  cables.  §11,  pl7. 
Extension  bell,  Bridging,  §7,  p34. 

bell.  Series,  §7,  i)32. 

bells,  §7.  p31. 

bells,  Loud-ringing,  §7,  p34. 

-circuit  closer,  §7,  p36. 

-circuit  ringer,  Garton-Daniels,  §7,  p37. 

telephones.  Wiring  for,  §9,  p37. 

F 

Fastenmg    gnnmd    wires    to    pipes    without 

soldering.  §9,  pll. 
Fastenings  for  switchboard  cords,  §12,  f>40. 
Faults  of  telojihone  instruments  and  remedies, 

§«.  p4(). 
FessencUn  on  transmitters.  Results  of  experi- 
ments by.  §1.  p;iS. 
Fittings,  Porcelain,  §9,  i)i?.S. 
Flush  test  of  condensers,  §.">,  p'il. 
Flexible  cord  and  i)lug,  Kellogg,  §12.  p39. 

cords  for  telephone  instnmients,   §8,  p6. 

cords  or  conductors,   §12,   i>.38. 
Flu<  tv.uting  dirtct  current.  §2,  p29. 
Foreign  circuits.  Elimination  ol  disturbanoe 
due  to,  §10.  p32. 
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Porm  of  current  wave  produced  by  magneto- 
generators,  §6.  p21. 
Formula  fur  limiting  distance  of  transmission, 
S11.P32. 
for  mutual  inductance  of  line  circuit,  §2, 
p40. 
Formulas  for  electrostatic  capacity,  52,  l>38. 
for  electrostatic  capacity  of  line  wires,  §2 

p38. 
for  inductance  of  line  wires,  §2,  p40. 
for  windin*?  coils,  Useful,  §5,  p23 
Fourier's  theorem,  §1,  plO. 
Frames  for  polarized  bells,  §6,  p41. 
Frequency,  Jl,  p7. 

Relay  for  low.  §19,  pl8. 
FuUer  cells,  §5.  p30. 
Function  of  hook  switches,  $7.  p2. 
Fundamental  principles  and  history  of  tele- 
phony, §1,  plo. 
wave,  §1.  pl2. 
Fuse  and  lightning  arreste/"  made  by  Cook, 

§8,  p26. 
Fuses,  58.  p25. 
Enclosed,  §8,  p26. 

O 

Garton- Daniels  extension-circuit   closer,    §7, 
I»3G. 

-Daniels  extension-circuit  ringer,   §7,  p37. 
Gavey's  formula  for  limiting  distance  of  trans- 
mission. 511.  p33. 
Genera  tor- call  signal,  Strombcrg-Carlson,  513, 
pl4. 

-call  target.  Masfm,  513,  pl2. 

-call  visual  signals,  513,  pl2. 

Chain-driven  magneto-,  56,  p27. 

Early  form  of  magneto-,  5^.  p23. 

Kellogg  magneto-,  5<>,  p30. 

or  pole  changer  of  Malthaner,  513,  p38. 

shunts,  §rt,  i)C. 
Generators  giving   pulsating  currents.   Mag- 
neto-, 56.  p36. 

Voltage  of  magm-to-,  56.  p22. 
Globular  carlwm  for  transmitters,  §4,  p3.5. 
Granular  carbon  for  transmitters.  54,  p34. 

carbon,  Manufacture  of,  §4,  p35. 

carljon  transmitter.  51.  p33. 

microi)hone,  §4,  p2. 

transmitters.  §4.  p7 
Grajjhic  rt'[)n'sontation  of  magneto-generatfir 

current.  §0.  p4. 
Graphic  reprcsi-ntati'tn  of  waves,  §1.  I>4. 
Graphite  cartridtrt'.  Self-s^jldering,  58,  p36. 
Gray's  water  transmitter.  §1.  p29. 
Gridiron  signal,  §1!).  p4. 

Ground-  and   common-return   systems.    Dis- 
turbances in,  510,  p41. 


Ground — (Continued) 

connections  through  water  and  gas  pioes 

59.  p9. 

on  common  return,  §12,  p9. 

plates.  59.  p8. 

resistance.  Measurement  of,  §9,  p6. 

-return  systems.  Induction  on,  §9,  p3. 

wire  lor  lightning  arresters,  58,  p22. 

wire.  Underwriters'  rules  for.  §9,  p30. 

wires  to  pipes.  Soldering  cf,  59,  plO. 

wires  to  pipes  without  solder.  Fastening  of. 
59.  pU. 
Grounded   line    for    common-return    switch- 
board, §12.  p5. 

-line  system.  59,  pi. 

to    metallic-circuit    lines.    Connection   ctf, 

}n.  p33. 


Hadfield  iron.  53.  p25. 
Hammer  of  ear,  51.  p4. 
Hand  microtelephone.  57,  p20. 
Hard  rubber,  Substitutes  for,  53,  p30. 
Hardening  quality  of  Norway  iron,  §3,  p25. 
Harmonic  motion.  Simple,  51.  p5. 
Head-receivers,  53,  pl8. 

Heat    cartridges,    American    Electric    Fuse 
Company's  self-soldering,  58,  p35. 
-coil  solder,  58,  p32. 
coil,  Steriing,  58.  p29. 
coils,  58.  p29. 

coils,  Self-soldering.  58,  p33. 
Heating  effect  at  microphonic  contact,    51, 
p36. 
effect  of  current  in  coils.  §5.  p24. 
Hibbard  transposition  insulator,  §10,  p23. 
High -potential    and    telephone    circuits    on 
same  poles,  510,  p36. 
-potential    circuits.    Disturbances    due    to, 

510.  p34. 
-potential  circuits.  Transpositions  of,  510. 
p34. 
Hinge  joints.in  telephone  instruments,  58.  p4. 
History  and  fundamental  principles  of  tele- 
phony, 51.  pl5. 
Holtzer-Cabot  automatic  shunt  for  magneto- 
generator,  56.  p29. 
-Cabot    Electric    Comjjany's    double-pole 

receiver,  53,  pU. 
-Cabot  magneto  circuit-closing  attachme"-.. 
57.  1)36. 
Hook-switch  contact.  Poor.  J8,  p45. 
switch.  Dean,  57,  p9. 
switch.  Kellogg.  {7,  pll. 
switch.  Warner,  57,  p6. 
switch,  Williams,  57,  pP. 
switches,  §7.  p6. 
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switches.  Function  of,  J7,  p2. 
Howler.  513.  p28. 
Hughes's  discoveries,  §1,  p31. 

microphone,  (1,  p32. 
Humming:  of  wires,  §10,  p43. 
Htmning's  transmitter,  {1,  i>33. 


Illinois,  or  sandwich,  pole  changer,  {13.  p36. 
Impedance  coils,  52,  p28. 

including  captacity.  §2,  p23. 

including  inductance,  {2,  p21. 

including    inductance    and    capacity,    (2, 
p24. 

of  drop,  512,  pl2. 
Impressed  electromotive-force  cur\'e,  §2,  pll. 
Incoming-trunk,  or  B.  operator,  §14.  p3. 
Indicating  plug.  Construction  of.  §19,  p35. 

plugs.  Standard  use  of.  §19,  p36. 
Inductance  and  capacity  of  overhead  wires, 
§2.  p37. 

coils,  §2,  p28. 

of  line  circuit.  Formula  for  mutual,  §2,  p40. 

of  line  wires.  Formulas  for,  §2,  p40. 

of  telephone  apparatus,  §2,  pp7,  8. 

of  telephone  circuits,  §2.  p31. 

on  alternating  currents,  Effects  of,  §2,  p9. 

on  telephonic  waves,  Effect  of,  §2,  p20. 
Induction  coil  in  telephony,  §1,  p39. 

-coil  troubles,  §8,  p46. 

coils,  §5,  pi. 

coils.  Construction  of.  §5,  p6. 

coils.  Design  of,  §5,  p2. 

coils.  Dimensions  of.  §5,  pl3. 

coils.  Durability  of,  §5,  p4. 

coib  for  central-energy  systems,  §5,  p8. 

ootls.  Test  for  loudness  and  clearness  of, 
§5,  pll. 

coils.  Tests  of,  §5,  p9. 

coils.  Varley,  §5,  p6. 

in  line  wire,  Electromagnetic,  §10,  p2. 

in  line  wires.  Electrostatic,  §10.  i)3. 

in  revolving  loop.  §6,  p2. 

Law  of  electromagnetic,  §6,  pi. 

on  groimd-retum  systems.  §9.  p3. 
inspector's  outfit.  §*»  p48. 
Installation  of  telephones,  §9.  pi. 
Installing  cabinet  desk  sets,  §9,  p22. 

desk  sets.  §9,  p22. 

telephones,  §9,  p20. 

wall  telephones,  §9.  p20. 
Instruments,  Bell's  early,  §1.  pl9. 

Bridging.  §7,  p21. 

Condenser,  §1,  p43. 

depending  on  capacity,  §1,  p43. 

Tlelq>hone,  §8,  pi. 


Insulation   of   telephone   and   high-potential 
circuits.  §10,  p38. 

of  telephone  circuit.  §2.  p30. 

resistance  of  condensers,  §5,  p36. 
Insulator  and  pin  for  transposition,  §10.  p2'<[S. 

Hibbard  transposition,  §10,  p21. 
Insulators.  Porcelain,  §9,  p28. 
Interior  wiring  for  telephone.  §9,  p22. 

wiring.   National   Electrical   code  for,   §9. 
p24. 
Iron-clad  relay.  Bell.  §19.  pl4. 

-clad  relay,  Kellogg,  §19,  p9. 

for  cores  of  induction  coils,  §5,  p4. 

for  receiver  cores,  §3,  p24. 

Hadfield,  §3.  p25. 


Jack  and  plug  for  metallic-circuit  magneto- 
switchboard,  §12,  plO. 

and  self- restoring  drop  of  Dean  Electric 
Company,  §13,  p7. 

Double-spring  contact.  §12,  p32. 

Two-conductor,  §12,  p31. 
Jacks.  §12,  p31. 

and  plugs  for  multiple  switchboard,  |14, 
p38. 

Dean  lamp.  §19,  p28. 

in   multiple   switchboard.   Multiplicity  of, 
§14.  pl7. 

Kellogg  lamp.  §19,  p29. 

Lamp,  §19.  p28. 

Materials  and  construction  of,  §12,  p33. 

K 

Kellogg  bridging  desk  telephone,  §7,  p30. 

bridging  wall  telephone.  §7,  p29. 

cast-iron  relay,  §19,  pl2. 

double-pole  receiver.  §3.  p9. 

flexible  cord  and  plug.  §12,  p)39. 

gridiron  signal.  §19.  i>4. 

hook  switch,  §7,  pll. 

iron-clad  relay.  §19,  p9. 

lamp  jacks.  §19.  p29. 

magneto-generator,  §6.  p30. 

night-alarm  circuit.  §13.  p20, 

repeating  coils,  §11.  p48. 

ringer  or  polarized  bell,  §6,  p47. 

supervisory  relay,  §19,  pl3. 

transmitter.  §4,  pl4. 

tubular  relay,  §19.  plO. 
Key.  Master  selective-ringing,  §13,  p23. 
Keys,  Dean  listening  and  ringing.  §13,  plft 

for  listening  and  ringing,  §13,  pl6. 

Order- wire.  §14.  pl5. 

Position  switching,  §19,  p33. 
Knob.  Porcelain,  §9,  X)28« 

SpUt.  §9,  p28. 
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Lag.  Angle  of,  {2.  pl2. 

Tangent  of  angle  of,  §2,  p22. 
Laminated  cores  for  generator  armatures,  §6, 

pl2. 
Lamp  jacks.  §19,  p28. 

jacks,  Dean,  §19,  p28. 

jacks.  Kellogg.  §19,  p29. 

-signal  transfer  circuit,  One-way,  §14,  p6. 

-signal  transfer  circuits.  §14,  p4. 
Lamps,  Life  of  switchboard,  §19,  p27. 

Line.  §19.  p26. 

Signal.  §19.  p2G. 
Large  magneto-switchboards.  §14,  pi. 
Law  of  electromagnetic  induction,  §6,  pi. 

The  CR.  §2.  p35. 
Lead,  Angle  of.  §2,  pl8. 

Tangent  of  angle  of,  §2,  p23. 
Leakage.  §9.  ivi. 

from  line.  Trouble  due  to,  §11,  p21, 

from  telephone  line,  §2.  p30. 

Noises  due  to.  §10,  p3. 
Leclanche  batteries,  Life  of,  §5,  p29. 
Length  of  standard  transposition  section,  §10, 
pl5. 

of  wave,  §1,  p7. 
Life  of  Leclanche  batteries.  §5,  p29. 

of  switchboard  lamps.  §19,  p27. 
Light  and  power  circuits.  Disturbances  due 

to.  §10.i.;i2. 
Lightning-arrester  carbon  blocks,  §8,  p22 

arrester  for  ti>ll  lines,  §8,  p23. 

-arrester  ground  wire.  §8,  p22. 

arrester,  Mas<.)n  multi discharge.  §8,  p24. 

arresters,  §8,  pl8. 

arresters,  Action  of,  §8,  p20. 

arresters,  Distance  lx;tween  carbons  for,  §8. 
pl9. 

arrester  an<l  fuse  made  by  0)ok,  §8.  p2(5 
Limitations  (if  biittery  call,  §.'),  p12. 
Limiting   distance  of  transtniision,   Formula 
for.  §11.  1)32. 

distance  of  transmission  of  telephone  cur- 
rents, §11,  pi. 
Limits  of  audibility,  §1,  plO. 
Line    and    c<jrd   circuit    for   small    magneto 
switchboard.  §12,  pll. 

and  test.  §12,  pll. 

circuit.  Formula  for  mutual  inductance  of, 
§2.  p40. 

disturbances  and  transpositiuns,  §10,  pi. 

Insulation  of  tcle[)hone,  §2.  p30. 

lami)s,  §19.  p2«». 

LeakaKe  from  tcle])h(me,  §2,  ]<i(). 

U-aka^e,  Trouble  due  to,  §11,  p2I. 

Resistance  of  telephone,  §2.  p29. 

wires,  Electromagnetic  induction  in,  §  10.  p2. 
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wires.  Electrostatic  induction  in,  §10.  p3. 
wires,  Formulas  for  inductance  of.  §2,  i>40. 
Lines,  Electrical  proijcities  of  telephone.  §2, 

1>29. 
Listening  and  ringing  devices  or  keys,  §13. 
pl6. 
and  ringing  keys.  Dean,  §13,  pl6. 
Load  coil.  Disttirtion  in,  §11,  p25. 

coils,  Dimensions  of,  §11,  p25. 
Loaded  aerial  circuits,  §11,  i)30. 
cable  conductors,  §11,  p27. 
cables.  Experiments  with,  §11,  pI7. 
lines.  Bare  overhead,  §11,  pl8. 
telephone  lines.  Reflection   losses  in,   §11, 

p23. 

telephone  lines,  Results  obtained  on.  §11, 

p23. 

Local-battery   talking  and   common-battery 

supervisory  system.  Definition  of,  §12,  p2. 

-battery  telephone  systems,  Definition  of, 

§12.  p2. 
-battery  telephones,  §7,  pi. 
-battery  telephones,  Circuits  of,  §7,  ij3. 
cai>acity,  §2,  p23. 
Location  of  ground  plate.  §9,  p9. 

of  local  battvries,  §9,  p22. 
Long-distance  lines.  Transpositions  for,  §10, 
pi  7. 
-distance  telephony,  §11,  pi. 
-distance  transmission,  Pupin's  system  of, 

§11.  pl. 
Loop,  Induction  in  revolving,  §6,  p2. 
L<X)se  contact,  Electrodes  in.  §1»  p31. 
Losses  in  loaded  telephone  lines.  Reflection, 

§11.  p2:i. 
Loud-ringing  battery  bell.  §5.  p42. 

-ringing  extension  bells,  §7,  p34. 
Loudness,  §1,  pll. 

Test  of  induction  coils  for.  §5,  pll. 
Low-lrequency  relay,  §19,  pl8. 

M 

Magnet  for  receivers.  Permanent.  §3,  p21. 

steel  for  receivers.  §3.  p21. 

-winding  calculations.  §5.  p!5. 

wire  table.  §.5,  p20. 

wires.  Dimensions  of.  §5,  pl8. 
Magnetic  circuit  of  drop.  §12,  p27 
Magnetizing  permanent  magnets.  §3.  p22 
Magneto-Ktneratxjr  automatic  shunts.  §0,  p32. 

-generator,  Chain-driven.  §t>,  p27. 

-generator  core  checks.  Proper  width  of,  §G. 
p22. 

-generator.  Early  form  of,  §6,  p23. 

-generate  )r,  Kellogg,  §6,  p30. 

-generator  magnets,  §6,  p8. 
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-generator  of  Western  Construction  Com- 
pany, §6,  p25. 

-generator  pcAe  pieces,  §6,  pl8. 

-generator,  Theory  ot,  §6,  pi. 

-generators,  §6.  p8. 

-generators.  Commercial  types  of,  §6.  p23. 

-generators,  Details  of  construction  of,  J6, 
p8. 

-generators,  Direct-current.  §6,  p3j. 

-generators,  Driving  mechanism  of.  5(5,  i)20. 

-generators.  Testing  of,  §8,  p4.5. 

-generators.  Voltage  of,  §6,  p22. 

-instruments.  Theory  of,  §1,  p2t). 

-switchboard  circuit,  Bell-cxprcss  tyi)e  of. 
§13.  p23. 

-switchboard  circuits,  §13,  pi 8. 

-switchboard.  Details  of.  §12,  pl6. 

-switchboard  for  metallic-circuit  lines,  §12, 
p9. 

-switchb<->ards,  §12,  pi;  §13,  pi. 

-switchboards.  Large.  §14,  pi. 

-system.  Definition  of.  §12,  p2. 

-telephone,  §1.  pp22,  25. 

-telephone  as  a  receiver,  Action  of,  §1,  p23 

-telephone  as  a  transmitter.  Action  of.  §1, 
T'23. 

-telephone.  Sensitiveness  of,  §1,  p25. 

-telephones,  §3,  pi. 

-transmitters.  §4,  pi. 
Magnets  f<jr  magneto-generators,  §6.  p8. 

Tempering  magneto-generator,  §6.  p9. 
Malthaner  genera t«»r  or  pole  changer,  §13.  p38. 
Manager's  night-listening  circuit,  §13,  p27. 
Manud  switchboard.  Definition  *jf,  §12.  pi. 
Manufacture  of  granular  carl>;n,  §4.  i)35. 
Mason  generatiir-call  target,  §13.  pl2. 

multi discharge  lightning  arrester.  §8,  p24. 
Master  selective- ringing  key.  §13,  p23. 
.Material  for  transiTiittt  r  diaphragms.  §4,  p2. 
.^laterials  and  c«)nstriution  of  iackb,  §12.  p33. 
McCluer  system,  §0.  ])12. 
Measurement  <^f  grf)imd  resistanic.  §0,  j)*). 
Mechanical  defects  uf  receivers,  §3.  p3. 

details  of  rt'ceivers.  Importiince  of,  §3,  pi. 

transmission  nf  waves.  §11,  p4. 
Mechanically  restoring  drop.  §13.  p4. 

restoring  drop  of  American   Electric  Tele- 
phone Co..  §13.  i>4. 
Metal-case  relays.  §19,  p8. 

-head  recei\ers.  ^3,  p9. 
Metallic-rirctiit  jack  and  plug.  §12,  plO. 

-circuit  lines,  Ma>,'ne  to- switch  hoard  for,  §12, 
p9. 

-circuit    magnet"  >-s\vitehlx»ard.    Jack    and 
plug  for.  §12.  plO. 

-circuit  systems,  §9,  pl8. 


Metallic  —(Continued) 

circuits  in  exchanges  and  cables,  §9,  pl9. 

togrounded-circuit  lines.  Connection  of ,  §11, 
p33. 
Micn>phone,  Granular,  §4,  p2. 

Multiple-electrode,  §4,  p2. 

of  Hughes,  §1,  p32. 

Single-contact.  §4,  p2. 

transmitter.  Theory  of,  §1.  p34. 

transmitters,  §4,  p2. 

transmitters.  IX'sign  of,  §4.  p29. 

transmitters.  Single-contact,  §4,  p2. 
Micniphonic  action,  §1,  y>39. 
Microtelephone,  Hand,  §7,  pl2. 
Minimum  disturbing  current,  §10.  p5. 
Modern  receivers,  §3,  p8. 
Moisture  in  cable,  §2,  p31. 
Motion.  Complex  wave,  §1,  p9. 

Simple  harmonic,  §1,  p5. 

Wave,  §1,  pi. 
Movements  of  particles  in  wave,  §1,  p2. 
Multipleelcctn>de  microphones,  §4,  p2. 

-electrode  transmitters,  §4,  p.'). 

Bwitchlx)ard,  §14,  PL'S. 

switchl»ard.  Branch-terminal,  §14.  \Ti^. 

switchlxiard  jacks  and  plugs,  §14,  i)38. 
Multiplicity  of  jacks  in  multiple  .switchboard, 

§14.  pl7. 
Multiivjlar  receivers,*§3,  p20. 
Muqihy,  or  single-pin.  transix-)sition,  §10,  p2C. 
Mutual  action  of  two -magneto-instruments. 
§1.  P24. 

N 

National  electrical  ci>de  for  interior  wiring,  §9, 

p24. 
Night-alarm  attachment  for  switchboard,  §12, 
p4. 

-alarm  circuit,  Kellogg,  §13,  p20. 

-listening  circuit  for  mana^'er,  §13,  p27. 
Noises  due  t»>  leakage,  §10,  i>2. 

from  natural  phenomena.  §10.  pi. 

in  telephone  circuits.  Causc-s  «>f,  §10,  pi. 
Non-inductive  relay.  §19.  plO. 
North    Electric   C<'m[»any's  eommon-ljattery 
wall  telei)hi)ne.  §8.  pl.3. 

Electric  Company's  rejHating  coil,  §11,  |>44. 

Electric  C<mii)any*s  target  signal,  §19,  pi. 
Norway  iron.  Hardening  nuality  of,  §3,  p25. 

() 

Oliiecti'-ns    to    series-multiple    switchboard. 

$14.p2S. 
Oi  iludcd-air  tlu-ory   of   microphonic  action, 

§1.  P34. 
Ohms  jHT  cubic  ini-h,  §.5.  p22. 
One-way   lamp-signal   transfer  circuits,   §14. 

p(5. 
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-way  order- wire  circuit,  514.  pl2. 

-way  transfer  circuits,  §14,  p6. 
Open  circuit  in  transmitter.  To  locate.  58,  p48. 

or  concealed  wiring,  §9.  p33. 
Operator,  Incoming- trunk,  or  B,  514,  p3. 

Originating,  or  A,  514,  p3. 
Operator's  transmitter.  Cutting  out,  513,  p26. 
Operators,  Reach  of,  514,  p27. 
Order  wire,  514,  p3. 

-wire  circuit.  One-way,  514,  pl2. 

-wire  circuit.  Two-way,  514,  pl4. 

-wire  circuits,  514,  pl2. 

-wirc»  keys,  514,  pl5. 
Originating,  or  A,  operator,  514,  p3. 
Out-of-order  cords,  ^19,  p38. 
Outdoor  wiring.  Underwriters'  rules  for,  59t 

p25. 
Outfit  for  insF>ector,  58,  p48. 
Overcoming  cross'talk,  510,  p8. 
Overhead  loaded  lines.  Bare,  51  li  pl8. 

wires.  Capacity  and  inductance  of,  52,  p37. 

wires.  Electrostatic  capacity  of,  52.  p36. 
Overtones,  51.  pl2. 


Packing  of  granular  transmitters,  54,  p26. 

of  transmitters.  Prevention  of,  54,  p27. 
Party  lines,  57.  pl4. 

lines,  Drops  for,  512,  p29. 
Peg  count  in  large  exchanges,  510,  p38. 
Period.  51.  1^8. 
Permanent  magnet  for  receivers,  53,  p21. 

magnet  of  polarized  bell,  56,  p42. 

magnets.  Magnetizing,  53,  p22. 
Phantom  circuits,  Transposition  of,  510,  p30. 
Phase.  51.  p7. 

relation  and  wave  form,  51,  pl2. 

relations,  §2,  pplO,  15. 
Phonograph,  Use  of,  519i  p31. 
Pilot  relays.  §19.  p24. 

Pin  and  insulator  for  transposition.  510,  p23. 
Pitch.  5l.pll. 
Plates,  Ground,  §9,  p8. 
Plug  and  cord.  Kellogg.  §12,  p39. 

and    jack     for    metallic-circuit     magneto- 
switchboard.  §12,  plO. 

Clausen.  §12.  luio. 

Construction  of  indicating,  ^19,  p35. 

Double-contact,  §12.  p3l. 
Plugs.  §12.  p34. 

and  jacks  for  multiple  switchboard,  §14.p38. 

C(trd  connectors  for,  §12,  p37. 

Standard  use  of  indicating,  §19,  p36. 

Triple-contact,  §12.  p36. 
Polarizcd-l)ell    construction,    Details   of,    §6, 
p40. 
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bell,  Dean  Electric  Company's,  §6.  x>48. 

bell.  Electromagnets  of,  §6,  p40. 

-bell  frame,  56.  p41. 

bell.  KeUogg.  56,  p47. 

bell,  Permanent  magnet  of,  56,  p42. 

bell,  Stromberg-Carlson,  56,  p50. 

bell.  Theory  and  construction  of,  56,  p7. 

bell,  Three-pole,  56,  p51. 

bells,  56.  p40. 

bells.  Adjustment  of,  56,  p44. 

bells.  Commercial  types  of,  56.  x>45. 
Pole  changer  or  generator  of  Malthaner.  §13^ 
p38. 

changer.  Sandwich,  or  Illinois,  §13.  p36. 

changer,  Scribner,  518,  p39. 

-changer  starter.  Automatic,  513,  p39. 

changer,  Warner,  513,  p30. 

changer.  Warner  selective-rin^ng,  513,p34 

changers,  513,  p30. 

pieces  for  magneto-generator,  §6,  pl8. 
Polishing  carbon  electrodes.  §4,  p32. 
Pony  receiver,  Bell,  53,  p4. 

relay,  519.  p7. 
Porcelain  cleat,  59.  p28. 

fittings,  59,  p28. 

insulators,  59,  p28. 

knob.  59.  p28. 
Portable  desk  sets,  58,  pl4. 
Position  switching  keys.  519,  p33. 
Post  telephone  circuit,  57,  p3. 

telephone.  Complete,  57,  pl4. 
Power  and  light  circuits.  Disturbances  due  to, 

510,  p32. 
Pressure  of  self-induction,  52,  p9. 
Prevention  of  packing   of    transmitters,  §4, 
p27. 

of  poor  hook-switch  contacts,  57,  p7. 
Primary  and  secondary  coils.  Action  between, 

51.  P42. 
Principles  of  telephony.  History  and  funda- 
mental. 51.  pl5. 
Proper  transpositions  of  telephone  and  high- 
potential  circuits.  510,  p39. 

width   of  magneto-generator  core  cheeks, 
56.  p22. 

winding  of  coils.  519.  p2S. 
Properties  of  telephone  circuits,  52  pi. 

of  telephone  lines.  Electrical,  52,  p29. 
Protecting  device  for  substations,  58,  pi 7. 
Protective   devices.   Underwriters'  rules  for, 

59.  p2.'>. 
Protectr)r  against  sneak  currents,  58,  p29. 

approved  by  underwriters.  59,  p31. 

Cook's  lightning,  fuse,  and  heat-coil,   58. 
p34. 

D  and  W  combination  cut-out*  §8,  p38. 
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Sterling  sneak-cxirrent  and  lightning.   $8. 

pSO. 
Underwriters'  rules  for  wiring  on  line  side 

of.  59,  p26. 
Wiring  on  telephone  side  of,  §9,  p32. 
Pulsating  current,  §2,  pi. 

current  magneto-generator.  §6,  p30. 
currents,  Positive  and  negative,  J6,  p38. 
•Pupin's  claims.  511,  p21. 

loaded  cables.  Experiments  with,  §11,  pl7. 
system  of  long-distance  transmission,  51- It 
pi. 

Quality  of  granular  carbon  for  transmitters, 
{4.  p35. 

R 

Reach  of  operators,  5 14,  p27. 
Receiver,  American  Electric  Telephone  Com- 
pany's, §3,  pi  2. 

Bell  pony,  53.  p4. 

binding  posts,  53,  p31. 

Century     Telephone     Construction     Com- 
pany's, §3.  pl5. 

coils,  §3.  p29. 

Columbia  Telephone  Manufacturing  Com- 
pany's, 53,  pl7. 

Condenser,  §1,  p43. 

construction.  Details  of,  §3,  p21. 

cord  tips.  §3.  p33. 

cords.  53,  l>32. 

cores.  Iron  for,  53,  p24. 

diaphragms,  53,  p27. 

Ericsson,  §3,  p7. 

Holtzer-Cabot  Electric  Company's  double- 
pole,  53,  pll. 

Kellogg  double-pole.  53,  p9. 

shells,  53.  p30. 

shells,  Repolishing.  53,  p30. 

spools.  53,  p28. 

Stromberg-Carlson  Telephone  Manufactur- 
ing Company's,  53.  pl5. 

Telephone.  §1.  p22. 

Testing.  53,  i)35. 

troubles,  53.  p38- 

Western     Telephone     Construction     Com- 
pany's, 53,  p6. 
Receivers,  Bipolar.  53.  ppl.  4. 

Commercial  tyi>es  of  telephone,  53.  pi. 

Cores  for,  53,  p'23. 

Dean  method  of  testing,  53,  p35. 

Double-pole,  53,  pi. 

Magnet  steel  for,  53.  p21. 

Mechanical  defeits  of,  53,  p3. 

Metol-head,  §3,  p9. 

Modem.  53,  p8. 
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Multipolar.  53,  p20. 

Permanent  magnet  for.  53,  p21. 

Single-pole.  53,  p2. 

Taylor  method  of  testing,  §3,  p37. 

Telephone,  53,  pi. 

Watch-case.  53,  pi 8. 
Recuperative  power  of  telephone  batteries. 

55.  p27. 
Reflection  in  terminal  apparatus,  511.  p26. 

losses  in  loaded  telephone  lines,  511,  p23. 
Reis's  apparatus.  Action  of,  51.  pi 7. 

experiments,  51.  plC 
Relation  between  current,  turns,  and  resist- 
ance of  magneto-generator  armatures,  56, 
pl4. 
Relations,  Phase,  52,  pplO,  15. 
Relay,  Alternating-current,  519,  pl8. 

BeU  iron-clad.  519.  pl4.    ' 

Bell  tubular.  519,  pll. 

Dean  enclosed.  519,  pl2. 

Dean  slow-acting.  519,  p21. 

Eureka,  519.  pl4. 

for  low  frctjuencies.  519,  pl8. 

KeUogg  cast-iron,  519,  pl2. 

Kellogg  iron-clad.  519,  p9- 

Kollogg  superWsory,  519,  pl3. 

Kellogg  tubular.  519.  p  10. 

Non-inductive.  519.  pl6. 

Pony.  519.  p7. 

Strombenr-Carlson  enclosed.  519,  pl5. 

Telegraph.  519.  p7. 

Warner.  519.  p8. 

winding,  519.  p23. 
Relays,  519,  pO. 

Direct-current.  519,  pl6. 

Metal-case,  519,  p>8. 

Pilot,  519,  p24. 

Resistance  of.  519.  p24. 

To  prevent  chattering  of,  519.  p22. 
Remedies  for  clearing  out  difficulties.  512,  p20. 

fi)r  cn>ss-talk  between  drops.  512.  pl7. 
Repeating  coil  and  clearing-out  dn)p.  5 12.  p22. 

coil  between  grounded  and  metallic  lines, 
511.  p34. 

coil  for  ringing,  511.  p37. 

coil  for  ringing  and  talking,  511.  p39. 

coil  for  talking,  51 1.  P^8. 

coil  in  cord  circuit,  513,  p22. 

coil  of  North  Electric  Company,  511.  p44 

coil  of  Williams- Abbott  Co.,  511,  p45. 

coils,  511,  1^33. 

coils.  Advantage  of.  511,  p35. 

coils.  Commercial,  511.  p42. 

coils.  Design  and  construction  of,  511.  p36 

coils,  Kellogg,  511.  p48. 
Repolishing  receiver  shells,  53.  p30. 
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Representation  of  electrical  waves,  Diagram- 
matic. §2.  p4. 
Resistance,  Measurement  of  ground,  (9,  p6. 

of  earth,  §9.  i>4. 

of  relays,  §19.  p24. 

of  telephone  circuit.  §2,  p29. 

of  transmitters.  §4,  p24. 

on  telephonic  waves.  Effect  of.  $2.  p20. 
Result^  obtained  on  loaded  telephone  lines, 

Jll.p2:i. 
Retardation  coils,  $2,  p28. 
Reverse-call  trunkinj?  systems.  §14,  pll. 
Revolving  l<)op.  huluttion  in,  56,  p2. 
Ringer.  Dean  Elt-ctric  Company's;  §6,  p48. 

KellogK.  J6.  p47. 

Stronil)erB-Carls«.)n.  §G,  poO. 

Three-pole.  §G.  jwl. 
Rini;in«  and  listening  devices  or  keys,  {13, 
plC. 

and  listening  keys.  Dean,  §1.3,  pl6. 

and  talking  refx'ating  coil,  §11,  p39. 

repeating  r<jil.  §11,  p37. 

Rolled  ondensers.  §5,  p31. 

Rubljcr  covered  wire.  Approved,  §9,  p26. 

Rules  oi   un<lcrwriters  for  signaling  system. 

$9.  p2o. 

S 

Sandwich,  or  Illinois,  ix)le  changer,  §13,  p3G. 

Scribner  poK-  changer,  §13,  i)39. 

Scc<^ndary  ani  primary  cnils.  Action  between, 

81.P42. 
Select! vt-rinifing  key.  Master,  §13,  p23. 

-rinf,nng  po!c  changer,  Warner,  §13,  p34. 
Self  induction.    Flcctromotive   force   or  pres- 
sure t>(.  §2.  p.i. 
-resi'inn;^  drop  and  jack  of  Dean  Electric 

Company.  §1.3.  p7. 
-restoring  s\\itchb>ard  drops.   §13,  pi. 
-n;storiiig    tubular    Bell-express    drop   and 

jack,  §13.  p7. 
-solderin;,'  cartrid>;cs.  fiS.  p33. 
-sfiMering  graphite  cart-i(l),'c.  §8.  r>36. 
-soldt-ring  heat  e</ils,  §^    t)33. 
-s  ;Mering    hrat    coils    made    bv    0>ok     §8, 

Sensitiveness  of  magmrto-ttl .phone,  §1,  p25. 
Seni^  Ulls,  JO.  i.42. 

-(Ii.">k   telephone-^,  §7,  plO. 
-e\itn>i')n  Vh-II.  §7.  p32. 
rr!ultif)lf  switc)il>"ard,  §14.  ]-VJ. 
-irMltiplc    s'.\  itt  hl>)ard.    Obiect';  n   to,    §l4, 

p2.S. 
ti.-lfphori-,  J7.  pI4. 
Shflls  I'.-r  n.  civ.TS.  §.3,  p3(). 

To  rf^f  !ish  rccti\iT.  §3.  pJiO. 
Short    I  in  uit    in    transtnittcr.    To   locate.    §8, 
p48. 


Shunt  for  Holtzer-Cabot  magneto-generator. 
§6,  p29. 

for     magneto-generator.     Centrifugal,    §6. 
p33. 

for  magneto-generator.  Cook.  §6,  p33. 

for   magneto-gene  I  ator.    Western    Electric 
§6.  p32. 

in  Western  Telephone  Construction  Com- 
pany s  magneto-gtnerator.   §6,  p27. 
Shunts  for  magn*  to-g,.  nerator,  §6.  pt5. 

for  magneto-generators.  Automatic.  §6.p32. 
Signal,  Combined  audible  and   visible.   §12 
p31. 

Dean  target.  §19,  p3. 

Kellogg  gridiron,  §19,  p4. 

lamps,  §19,  p26. 

North  target.  §19.  pi. 

Stromberg-Carison  generator-call.  §13.  pl4. 
Signaling   systems.    Underwriters'    rules   for 

§9,  p25. 
Signals,  Busy-  and  tone-test,  §19,  p31. 

Generator-call  visual,  §13,  pl2. 

Target,  §19.  pi. 
Simple  harmonic  motion,  §1,  p5. 

transfer  system,  §14,  p3. 
Sine  curve.  §1,  p8. 
Single-contact  microphone,  §4,  p2. 

-pin,  or   Murphy,  transposition.    §10,  p26. 

-jxtle  receivers.  §3.  p2. 
Size  and  distance  between  transmitter  elec- 
trodes. §4.  p33. 

of  common  return,  §9.  pl5. 

of  transmitter  diaphragms.  §4.  p30. 
Slow-acting  relay.  Dtan,  §19,  p21. 
Small   magneto-switehboard.   Line  and   cold 
eircuit  for.  §12.  pll, 

magneto-switelib*jards.  §12,  pi. 
Sneak-current  c»>ils.  §8.  p29. 

-current  protectors.  §8.  p29. 

currents.  Danger  of.  §8.  p32. 
Solder  for  heat  coils.  §8.  p32. 
Soldering  fluxes.  §8.  p2, 

ground  wins  t«»  pii>es.  §9.  plO. 

joints  in  teleplione  instruments,  §8,  p3. 
Solid-lxuk  transmitters,  §4,  plO. 
Sound.  §1.  pi. 

Characteristics  of.  §1,  pll. 

waves.  §1.  p2. 
Speech.  Articulate.  §1.  pl4. 
Split    bushings   for   switchboard   cords,   §12, 
I>41. 

kn«jb  insulator.  §9,  p28. 
Sprw.ls  for  H'ceivers,  §3,  p28. 
Standard  and  special  transposition  sections 
felO.  pl3. 

transi>osition  section.  Length  of,  §10,  pl5. 

use  of  indicating  plugs,  §19,  p36. 
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Starter  for  automatic  pole  changer,  (13,  p39. 
Steel  for  receivers,  Maj^nct.  §3,  p21. 
Sterling  heat  coil,  §8,  p29. 

sneak-current  and  lightning  protector,  §8, 
p30. 
Sticking  of  vibrating  bells,  §5,  p40. 
Stirrup  of  ear,  §1,  p4. 
Storage  battery,  §5,  p30. 
Strom  berg-Carlson  bridging  desk  set,  §7,  p28. 

-Carls<jn  enclosed  relay,  §19,  plo. 

-Carlson  generator-call  signal,  §13,  pl4. 

-Carlsf^n  receiver.  §3.  plo. 

-Carlson  ringer,  §6.  p5(). 

-Carlson  transmitter,  §4.  pi 7. 
•Submarine  cable.  Transmission  over.  §11,  pl9. 

cables.  Table  I  of.  §11.  p20. 
Substation  protecting  dcNnces.  §8,  pl7. 
Substitutes  for  hard  rubber,  §3,  p30. 
Suix?r\'isory  relay,  Kellogg,  §19,  pl3. 

signal  lamp,  §19,  p26. 
Support  for  wires  on  line  side  of  protector, 
§9.  p2Jj. 

for    wires  on  telephone  side  of  protector, 
§9,  r>34. 
Surface-contact    theory   of    microphone,   §1, 

I>.'i7. 
Switchly^ard.  Advantages  of  branch-terminal, 
§14.  p37. 

Branch- terminal  multiple,  §14.  p30. 

ciroiits.  Bell-express  magneto-,  §13,  p23. 

circuits,  Magnet(»-,  §13,  pl8. 

conls.  Split  bushings  for,  §12,  p41. 

details.  Magneto-,  §12,  pl6. 

drop,  §12.  p3. 

drops,  Commercial  forms  of,  §12,  p22. 

drops.  General  requirements  of,  §12,  pl6. 

for  common-return  or  grounded  lines,  §12, 
po. 

for  metallic-circuit  lines.  Magneto-,  §12,  p9. 

lamps,  Life  of,  §19.  p27. 

Multiple,  §14.  pl5. 

rc(iuirements.  §12,  p3. 

Series- multiple,  §14,  pl9. 

Small  magnet(j-.  §12,  pi. 

symbjls,  §19.  p3.'). 

troubles.  §14.  p43. 
S\vitchlK>ards.  Classification  of,  §12,  pi. 

Divided-multiple,  §14.  p41. 

Transfer.  §11,  pi. 
Switching'  keys.  Position,  §19,  p33. 
Symb  )ls  for  switchboard,  §19,  p35. 
System.  McCluer,  §9.  pl2. 

Simy)U*  transfer,  §14.  p3. 
Systems,  Common- return,  §9,  pl2. 

Grounded-line,  §9,  pi. 

Induction  <»n  ground-return.  §9,  p3. 

Metallic-circuit.  §9,  pl8. 


Table  of  magnet  wires,  §5,  p20. 

Talking  and  ringing  repeating  coil,  §11,  p39. 

repeating  coil,  §11,  p38. 
Taper,  Terminal,  §11,  p22. 
Tangent  of  angle  of  lag  or  lead.  §2,  p25. 

of  angle  of  lag.  §2,  p22. 

of  angle  of  lead,  §2.  p22. 
Target,  Mason  generator-call.  §13,  pl2. 

signal.  Dean,  §19,  p3. 

signal,  North,  §19,  pi. 

signal.  Two-coil,  §19,  p6. 

signals.  §19,  pi. 
Taylor  method  of  testing  receivers,  §3,  p37. 
Telegraph  relay,  §19,  p7. 
Telephone  apparatus,  Inductance  of,  §2.  p8. 

and  high -potential  circuits  on  same  poles, 
§10.  p36. 

batteries.  Recuperative  power  of,  §5,  p27. 

Bridging  desk.  §7.  p25. 

circuit.  Insulation  of,  §2,  p30. 

circuit.  Post.  §7,  p3. 

circuit.  Resistance  of.  §2,  p29. 

circuit.  Western  Electric  No.  2,  §7,  p5. 

circuits.  Inductance  of.  §2,  p31. 

circuits.  Properties  of.  §2,  pi. 

Complete  Post.  §7.  pl4. 

Complete  Western  Electric  No.  2,  §7,  pl7. 

currents,  Limitmg  distance  ot  transmission 
of,  §11.  pi. 

Dean  bridging  wall  and  desk,  §7,  p27. 

Dean  desk.  §S.  pl5. 

Installation  of.  §9.  pi. 

Installing.  §9,  p20. 

instruments,  §8,  pi. 

instruments.  Battery  box  for.  §8,  p9. 

instruments.  Circuits  of,  §7,  pi. 

instruments.  Complete.  §7.  pl3. 

instruments.  Details  of.  §8.  pi. 

instruments.  Troubles  with.  §8.  p40. 

instruments.  Woodwork  for.  §8.  p8. 

Interior  wiring  for.  §9,  p23. 

Kellogg  bridging  desk.  §7,  p30. 

Kellogg  bri«lging  wall.  §7,  p29. 

line.  Leakage  from.  §2.  p30. 

lines.  Electrical  properties  of.  §2.  p29, 

lines.  Results  obtained  on  loaded.  §11.  p2'i 

Local-battery,  §7,  pi. 

North  Electric  Company's  common-batterN 
wall.  §8.  pl3. 

Portable  desk,  §8.  pl4 

receiver,  §1,  p22. 

receivers.  §3,  pi. 

Series-,  §7,  pl4. 

Series-desk.  §7,  pl9. 

sets  for  walls,  §8,  plO. 

Stromberg-Carlson  bridging  desk,  §7,  p28. 
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system.  Definition  of,  §12,  pi. 

transmitters,  §4,  pi. 

Wiring  for  extension.  §9,  p37. 
Telephonic     transmission,     Electrical     con 
(lit ions  affecting ,  §2,  pi. 

waves.  Distortion  of,  §2,  p20. 
Telephony,  Early  experiments  of,  §1,  pl5. 

History  and  fundamental  principles  of,  (1. 
pl5. 

Long-distance,  §11,  pi. 
Tempering   magneto-generator  magnets,   f6, 

p9. 
Terminal  rack  connectors,  {12,  p42. 

taper,  511,  p22. 
Test  and  line  conductors,  {12,  pll. 

of  condensers  by  alternating  current,  55, 
p35. 

of  condensers.  Direct-current  flash,  55,  p34. 
Testing  condensers,  55,  p34. 

magneto-generators,  §8,  p45. 

receivers.  Dean  method  of,  §3,  p35. 

receivers,  Taylor  method  of,  53,  p37. 
Tests  of  condensers  for  capacity,  55,  p35. 

of  induction  coils,  55,  p9. 
Theorem  of  Fourier,  51  •  plO. 
Theory  of  magneto-instruments,   51.  p26. 

of  polarized  bell.  56,  p7. 

of  transpositions,  510.  pll. 

of  microphonic  surface  contact,  51 1  p37. 

of  microphonic  transmitter,  51.  p34. 

of  polarized  bell,  5<3,  p7. 
Threc-p<»le  ringt-r,  §6,  p51. 
Timbre.  §1.  pll. 

Toll -line  lightning  arrester,  58,  p23. 
Tone-test,  519.  i^'U. 
Transfer  circuit,  Cook  or  Cook-Beach,  51^. 

P8. 
circuits,  514,  i>3. 
circuits.  Lamp-signal.  514,  p4. 
cinuits,  One-way.  §14.  i)6. 
circuits.  Two-way,  §14,  i>4. 
.switchboards.  §14,  pi. 
system.  Simple,  514.  p3. 
Transmission,  Difficulties  of,  §1.  pl5. 
Difficulties  preventing  perfect.  §2.  p3. 
Electrical   c«)nditi<jns  affecting   telephonic, 

52.pl. 
Formula    for    limiting    distance    of.    511. 

p32. 
of  electrical  waves.  511.  p7. 
of  teleijhone  currents.  Limiting  distance  of, 

5ll.pl. 

of  waves,  Mechanical,  §11,  p4. 
over  submarine  cable.  §11,  i)19. 
Pupin's  system  of  lung- distance,  §11,  pi. 
Transmitter  arms,  §8.  p7. 


Transmitter — (Continued) 
Blake,  54,  p2. 
Carbon-ball.  §4.  p5. 
Colvin,  54.  pl8. 
Ck)ndenser.  51.  p44. 
Cutting  out  operator's,  {13,  p26. 
damping  springs.  54,  p30. 
Dean  Electric  Company's,  54,  pl6. 
DeVeau.  54,  p9. 
diaphragms,  54.  p29. 
Edison's  carbon,  51.  p30. 
electrodes,  54,  p31. 
electrodes.  Size  and  distance  between,  f4, 

p33. 
Ericsson,  54,  p7. 
Granular  carbon,  51.  p33. 
(Sray's  water,  51.  p29. 
in  line  circuit,  51.  p40. 
in  local  circuit.  51.  p40. 
Kellogg,  5*.  pl4. 
Adams- Randall,  54.  p20. 
Beriiner,  51,  p30. 
Hunning,  51.  p33. 
Stromberg-C^rlson,  54,  pl7. 
Theory  of  microphone,  51.  p34. 
To  locate  open  circuit  in,  58.  p48. 
To  locate  short  circuit  in.  58,  p48. 
troubles  and  their  remedies,  54,  p28. 
Tumbull,  54,  p6. 
White.  54.  plO. 
Williams    Electric    Telephone    Company 'a, 

54,  pl6. 
Transmitters,  Adju.stment  of,  54,  p36. 
Batteries  for,  55,  p29. 
Battery,  51.  p28. 
Brea.st-plate.  54.  p23. 
Classification  of  microphone,  54,  p2. 
Corn-plaster,  §4.  pl6. 
Current-carrying   capacity   and    resistance 

of.  54,  p24. 
Current  required  for,  54.  p2. 
Design  of  microphone.  5^.  p29. 
for     common-battery     and     local-battery 

instruments,  54.  p23. 
Granular,  54,  p7. 
Granular  carbon  for,  54,  p34. 
having  double  diaphragms,  54,  pl9. 
Microphone,  §4.  p2. 
Multiple-electrode.  5^.  p5. 
Packing  of  granular,  54,  p25. 
Prevention  of  packing  of,  54,  p27. 
Quality  of  granular  carbon  for,  54,  p35. 
Resistance  of,  54,  p24. 
Single-contact  microphone,  54.  p2. 
Solid-back.  54.  plO. 
Telephone.  54.  pi. 
Three  classes  of,  ^1,  p44. 
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Transposition,  Cutting  in  a,  510,  p24. 

instilator  and  pin,  §10.  p22. 

insulator.  Hibbard,  (10.  p2d. 

section.  Length  of  standard,  (10.  pl5. 

sections.  Standard  and  special,  §10.  pl3. 

Single-pin.  or  Murphy,  510,  p26. 
Transpositions  and  line  disturbances,  510,  pi. 

for  long-distance  lines.  510,  pl7. 

Methods  of  making,  510,  p21. 

of  high- potential  circuit.  510.  p34. 

of  phantom  circuits.  510,  p^^O. 

of   telephone   and   high-p<jtential   circuits. 
Proper.  510.  p39. 

Theory  of.  510,  pll. 

to  eliminate  cnjss-talk.  510,  pl2. 

Types  of,  510.  pl4. 
Triple-contact  plug.  512.  p,36. 
Trouble  due  to  leakage  from  line,  511.  p21. 
Troubles  in  switchboards,  514,  p43. 

of    transmitters   and    their    remedies,    54, 
p28. 

with  induction  coils,  58.  p46. 

with  receivers,  53,  p38. 

with  telephone  instruments,  58,  p40. 
Trunk  circuits  l)etween  exchanges.  i\4.  pll. 
Trunking  systems,  Rcverse-caH,  514,  pll. 
Tubing,  Kinds  of.  5^,  p29. 
Tubular    Bell-express    drop    and   jack,    513, 
p7. 

drop  of  the  American  Electric  Telephi»ne 
Company.  512.  p28. 

drop,  Warner.  512.  p2.5. 

relay.  Bell,  510,  pH. 

relay.  Kellogg.  519.  plO. 
TumbuU  transmitter.  54,  pC. 
Two- coil  target  signal,  510.  p6. 

-conductor  jack,  512,  p31. 

-way  order-wire  circuit,  514,  pl4. 

•way  transfer  circuits.  514,  p4. 
Tympanum  of  ear,  5 1 .  p4. 
Types  of    telephone    receivers,    Commercial, 
53.  pi. 

of  transpositions,  510,  pl4. 

U 

Unbalanced  and  balanced  circiiits,  510.  p28. 
Underwriters'  reciuircments  for  i>rotect<>r    50, 
p31. 
rules  for  ground  wire.  59.  i>,30. 
rules  for  outdoor  wiring,  $9.  p2,5. 
rules  for  protective  devices.  §9.  p2.5. 
rules  for  signaling  systems.  89,  i>25. 
rules  f»>r  size  and  kind  of  wire  on  line  side 

of  protector,  59.  p20. 
rules  for  wiring  on  line  side  of  protector, 
59.  p26. 
Irndulating  direct  current.  52,  p29. 


Varley  induction  coils,  55,  p6. 
Vestibule  of  ear,  51.  p4. 
Vibrating  bells.  55.  p37. 

bells.  Adjustment  of.  55,  p40. 

bells.  Design  of.  55.  p39. 

bells.  Sticking  of,  55,  p40. 

diaphragm.  51,  p2. 
Visible  and  audible  signal.  Combined,   5^2 

p30. 
Visual    signals.   Generator-call.  513.  pi 2. 
Voltage  of  magneto-generator,  50,  p22. 

W 

Wall  telephone  sets,  58.  plO. 

telephones.  Installing,  50,  p20. 

hook  switch,  5".  pO. 

pole  changer,  513.  p30. 
Warner  relay,  510,  p8. 

selective-ringing  jxile  changer,  513,  p34. 

tubular  drop.  512.  p25. 
Watch-case  receivers,  53.  pl8. 
Water  transmitter  of  Gray.  51.  p29. 
Wave.  Complex  alternating-current,   52.  pd. 

form  and  phase  relation.  51.  pl2. 

Fundamental,  §1,  pl2. 

len«th.  51.  p7. 

length.  Determination  of.  511.  pl4. 

motion,  Jl.  pi. 

motion.  Complex.  51.  p9. 

Mfjvements  of  jxarticles  in,  51.  p2. 

produced  by  magneto-generator.   Form  of 
current.  §0.  p2«. 
Waves.  Alternating-current.  52.  p2. 

Diagrammatic  representation  of  electrical 

52.  p4. 

Distortion  of  telephonic,  52,  p20. 

Effect  of  cai>acity  on  telephonic,  52,  p22. 

Effect  of  inductance  on  telephonic.  52, 
p2(). 

Effect  of  resistance  on  telephonic.  52.  p20. 

Graphic  representation  of.  51.  P*4. 

Mechanical  transmission  of.  511.  p4. 

Transmi.*ision  of  electrical.  511.  p7. 

S<.)und.  51,  p2. 
Weak  receiver,  58.  p44. 

Western      Electric     Company's      electrically 
restoring     drop.    513.     p2. 

Electric  No.  2  telephtme  circtiil.  57.  pp.').  17. 

Electric  shunt   for  magnett)7;enerati»r.   §6, 

Telephone  Construction  Comi>any*s  mag- 
neto-generator. §0.  p2.'). 

Telei)hone  Construction  Company's  mag- 
neto-generator shunt.  $6.  p27. 

Telephone  Construction  Company's  recv'"et 

53.  p6. 
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White  transmitter,  J4.  plO. 

Williams- Abbott  repeating  coil,  (11.  p45. 

Electric    Telephone    O^inpany's   transmit- 
ter. 54.  plfi. 

hook  switch.  |7,  pO. 
Winding    magncto-Kcncrator   armatures,    §6, 
pl3. 

of  c<jils,  Proper.  S19.  p2,5. 

of  relays.  §10.  p23. 
Wire,  Approved  nibber-covcretl.  59,  p20. 

on  line  side  of  pn>tector.  5^.  pZG. 

Underwriters'  niles  for  ground.  5^.  p30. 
^ircs  bunched  or  laid   in    sxime  ducts,    59, 
p37. 

Capacity  and  inductance  of  overhead,  52, 

i>3r. 

31cctrost:itic  cajvacity  of  line,  52,  p38. 


Wires — (Continued) 

Humming  of  line.  510.  p43. 

in  buildings.  Support  for,  i9.  p28. 

into  buildings.  Entrance  of.  59.  p27. 

on  telephone  side  of  protector.  Support  for. 
59.  p:M. 
Wiring  for  extension  telephones,   59,  l>37. 

in  elevator  shaft.  59,  p38. 

National   electrical   code   for   interior.   59 
p24. 

of  telephone  instruments.  58,  pi. 

on  line    side  f»f    pn)tcctor.    Underwriters' 
rules  for,  59.  p2r). 

<m  telephone  side  of  protector.  59.  I»32. 

Oixrn  or  concealed.  59.  p33. 
Woodwork  for  telephone  instruments.  §8.  p8 
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